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ABSTRACT 
This study was performed in a sample population of Chilean 
forestry workers who carried out heavy manual operations:' tree-felling. 
cross cutting. debranch1ng and log-piling. Following medical and dental 
examinations. these workers were studied in laboratories specially set 
up in their isolated habitats. Maxiaal. oxygen uptake. body composition 
am anthropometric characteristics were measured. The physiological 
work load am the energy expemiture during aotual work were assessed 
by measuring oxygen uptake and cardiac frequency. Outside of the work 
period. habitual activity was estimated from direct interviews and 
energy expenditure calculated from standard values for metabolio cost 
of activities. During the field studies an average. aVer 3 or 4 days. 
of food intake was assessed in each subject. using a combination of 
food weighing at work and recalling the food eaten elsewhere. The field 
and laboratory methods were those proposed by the International 
Biological Programme/Human Adaptability Section. 
The results show that forestry workers have higher maxiaal. 
oxygen uptake. lower fat mass and Similar fat free mass values than 
other Chilean workers. Although the work shift lasted 9 hours. the 
actual work period was only 5 hours. The average work load during these 
5 hours work reached 45 '" V02 max. However. for the total time in the 
forest this figure was reduced to 29.7 '" V02 1I8lt. The diet of these 
workers is based l!Binly on carbohydrates. and bread accounted for 
64 '" of the total daily energy intake. The average daily energy 
expenditure was 3541 kcal (14.8 KJ). It was founi that the energy intake 
was sufficient to meet their energy demarns. The text discusses various 
Ergonomics and Physiological aspects and the associated implications. 
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CHAPlER I 
CHAPrER I 
GENERAL INrRODUCTION 
1. The background to this research. 
The present research was conceived as part of a project 
prepared in 1970 by Apud. Elgstrand and Teljstedt. entitled n An 
outline for the initiation of activities of Ergonomics and Occupational 
Health within Chilean forestry". In 1972. the proposal was published 
by the Royal College of Forestry of Sweden. to serve as a model for 
other developing countries. 
Twelve years have past sinoe that progra.nme was 
outlined. In the meantime. research work has been carried out 
sponsored by the Research Council of the University of Concepcion 
in Chile. resulting in several publications and communications. 
Apud (1972). Apud am Vallejos (1974). Apud (1976). Apud. Benavides 
and Jones (1977). Apud (197&.)(197&). Apud (1979a)(1979b). Apud 
am Jones (198oa)(1980b). Apud and Arrue (1981) and Apud. Chiang 
and Guzman (1982). Another important contribution from this 
research was requested by the International Labour Office (n.o). 
where the data were used as part of a report prepared by this 
Agency for the " Third Tripartite Technical Meeting for the Timber 
Industry ". held in Geneva. 1981. However. the most comprehensive 
analy~is of this work was submitted for the award of Master of 
SCience at Loughborough University of Technology. Although in that 
study various aspects of the Chilean worker were analysed. the 
1 
final conclusions pointed out that many questions remained 
unanswered. 1Ill.1nly because specialized instruments were not available 
and also the lack of facilities to carry out field work. Therefore. 
it was agreed that further research was needed for a better 
understanding of the adaptation to work of Chilean forestry workers. 
This work has been performed and. forms the basis of this thesis. 
2. A comment on research applied to workers in developing countries. 
In 1978. when the actual research was started. the 
main goal was to analyse the food intake of these workers and its 
relationship to energy expenditure. Due to the isolation of the 
forestry precincts it was necessary to live amongst the workers. 
However. it soon became clear to us that the approach was completely 
wrong. The workers refused to cooperate on account of very simple 
but valid arguments. For example. one of them stated: " I am not 
participating because I believe that even the most advanced 
techniques are not accurate enough to shOW' the strain that forestry 
work imposes on us ". Another worker commented: " I don I t have any 
interest to knOW' my energy expenditure or whatever; my problem is 
tooth-ache what I need is a dentist ". Hundreds of answers could be 
quoted which reflect this situation. Forestry workers not only have 
to cope with one of the heaviest manual tasks. but also with a very 
primitive living and working environment. Poor housing. lack of 
hygienic facilities. IOW' salaries and lack of medical care for them 
and their families are only a few of the many problems they have 
to face in their daily life. 
2 
There is an urgent need to review the concept which 
supports the research carried out in workers from developing nations. 
Although generalizations are always dangerous. there is a good basis 
to state that most field studies tend to collect partial data on 
specific topics. The question is. will this isolated knowledge help 
to understand all the problems that a community may have? Ergonomics 
is considered as a multid1scipline approach to work. but how many 
times has this concept been applied in a developing country? Further. 
to what extent have positive and permanent changes been made ? Most 
01' the workers approached had participated in other studies and 
their main concern was that they had never been informed of the 
results or even seen any benefits trom their voluntary cooperation. 
Atter several weeks without any results. it was clear 
that the real approach was to accept a compromise between our 
SCientific interest and the immediate problems of the workers. 
Therefore. a qualified team was organized to carry out medical and 
dental examinations. When needed. treatment and drugs were given. 
The latter were obtained from free samples which several Physicians 
kindly provided. The observed change 01' attitude was striking am 
even when some of the workers remained aprehensive. most of them 
were willing to cooperate. 
These comments highlight the real concept under this 
research and they also help to explain how and why the final aims 
were cO,nceived. There is no doubt that research is intended to 
generate new knowledge. Research about workers. through the 
application of well known techniques. should provide information 
:; 
needed to protect them against the hazards of their working 
environment. It is clear that a Work Fhysiologist needs to 
concentrate his effort in research which is relevant to achieve 
his particular goals. HCMever, in developing countries there are 
no clearcut lilldts. For example, it is impossible to separate the 
nutritional aspects from hygiene and eating habits, which at the 
same time are closely related to education and socio-econolldc-
level. Probably in most populations from industrialized countries 
this may appear irrelevant since most of their basic needs are 
covered, but it is not possible to apply these criteria in a poor 
nation where the situation might be entirely different. 
The need to define the physical characteristics of 
these populations was pointed out in the thesis written in 1978, 
having the conviction that with this knowledge most of the Ergonomic 
models. applied in industrialized nations. could be used for the 
improvement of the working conditions in Chile. At present there 
is the belief that much more is needed. In the " Symposium on 
Ergonolldcs in Tropical Agriculture and Forestry ". held in 1979 
in The Netherlands. the need to review the concept of the 
Ergonomics approach to the solution of labour problems in 
developing countries was discussed. At present. experience led 
us to the conviction that the real contribution of Ergonomics is to 
face human work as a multidiscipl1ne. This is the understanding needed 
in Chile as well as in many other poor nations. Up to now we have failed 
to integrate this knowledge in respect of the workers previously 
studied. In the " Second Iatin American Meeting on Occupational 
Safety and Hygiene ". Apud (1979) pOinted out that in most of the 
4 
studies carried out in Latin America the trend was to arrive at a 
diagnosis of an specific problem in a particular task. ignoring all 
the rest. The reason is that the concept of multidiscip11nary work 
has seldom been applied in its real meaning and therefore. Ergonomics 
will renain Utopian for us. unless we accept that it is only useful 
to design chairs for office workers. 
3. The aims and the layout of the study. 
The main purpose of this thesis is to present a 
comprehensive insight of the Ergonomics of forestry work in Chile. 
with special emphasis in work physiological problems. It is expected 
that it will serve as a model to be applied to other heavy 
occupations in Chile and that it will provide the foundations for 
a future improvement of the living and working conditions of the 
Chilean forestry workers. 
To achieve these goals. different studies were carried 
out with the following aims: 
• To compile data on the socio-economic and health 
status of this population. 
• To increase the knowledge on anthropometry. body 
composition and maxina1 oxygen uptake of these 
workers. 
• To analyse the food intake in terms of nutritional 
value. 
To compare energy intakes with energy requirements. 
5 
To estimate the work load during actual work. 
• To analyse other relevant aspects which may help 
to reduce the work load am increase technical 
efficiency. 
It seems convenient to point out that the aims 
outlined above are all relAted to each other am that every study 
was conceived to contribute a certain amount 01' information to the 
achievement 01' the main goal. HOIfever, to facilitate a more 
comprehensive analysis 01' the data, the information in the follOlfing 
chapters will be presented as independent units. 
6 
CHAPmR II 
A DFSCRIPl'ION OI!' THE GENEAAL CONDITIONS OI!' LIFE AND WORIC OI!' CHIIEAN 
FORESTRY WORJCERS. 
1. Foreword. 
The Dam purpose of this chapter is to describe the 
organization of the forestry 1Diustry in Chile as well as to point 
out the most important factors which influence the conditions of 
work and life of these labourers. It is m1nly based on statistical 
data obtained from different sources. HCMever. information collected 
during the course of the present research. related to aspects not 
previously analysed in the country. is also 1ncluded. e.g. health 
status. As this chapter is aimed to highlight problems of general 
interest which affect the whole population of forestry workers. it 
did not appear convenient to give here specific details of the 
characteristics of the 122 workers participating in this study and. 
therefore. a detailed account will be given in the follCMing 
chapters. 
2. The forestry 1Diustry. 
Forestry is playing an increasingly important role 
for the Chilean economy. In the last decade a considerable growth 
has been reported in the production of sawn wood. pulp and paper. 
cellulose and others. This grCMth is also reflected in the exports 
figures; in 1970 these were around £ 23 million increasing in 1978 
7 
to £. 260 million. Zanartu (1979). For the same year the participation 
of forestry products in the total exports of the country amounted 
3.7 ~ and 9.7 ~ respectively. 
Statistics published by the National Corporation of 
Forestry (CONAF) in 1980. revealed that in 1978 the native forests 
covered a surface of 8.9 million hectares (Ha). For the same year. 
the surface planted with pine trees ( Pinus Radiata. D.Don ) reached 
nearly 650 thousands Ha. As it can be observed. planted forests 
represent a small proportion of the total forestry resources and 
yet they provide 90 ~ of wood production. 
2.1. Forestry as a source of employment. 
It is difficult to establish with certainty how many 
workers are employed in the Chilean forestry industries since this 
is a seasonal Job. The best statistics available in the country 
were published by the National Corporation of Forestry (1980). revealing 
that -in February 1979 23.829 workers were employed. while in July 
the number decreased to 12.533 workers. These figures correspond to 
workers occupied in the explOitation of forests. not including 
those employed in sawmills. for transport and other miscelaneous jobs. 
2.2. The employers. 
The rapid growth of the forestry industry has brought 
together structural changes in its organization. As pointed out by 
Contreras and Lara '(1981). the big forestry enterprises have reduced 
8 
the number of workers and therefore the exploitation of forests is 
given by auotion to oontraotors. Most of the workers employed by 
the oontractors are on a temporary basis. This is encouraged by the 
legal deoree 2.200 from July 1978 whioh allows the extension of the 
temporary oontract from six month two two years and. furthermore. 
it permits the IInterprises to dismiss ten workers per month. 
In the last few years oontraotors have been heavily 
oritisized and there has been several reports showing the problems 
being faoed by the workers in their employment. However. the only 
oomprehensive review was carried by Otero (1981). He describes an 
investigation oarried out in 1980 by order of the Superintendent 
of Work. In that enquiry it was found that 41 out of 42 forestry 
oamps. organized by oontraotors. were infringing the law by paying 
salaries below the minimum. workers not having any oontract or 
insurance. no safety equipment provided and a oomplete absenoe of 
first-aid and hygienio faoilities. However. as pointed out by 
Otero (1981). the responsibility can not only be attributed to the 
oontractors sinoe they are very much dependent on the demands of 
the big Enterprises. Normally. a oontraotor organizes a team of 
workers to oarry out speoifio jobs. The contractors themselves. in 
some oases. have previously been forestry workers and therefore. 
they have not enough capital to keep paying salaries. Unfortunately 
there are no statistios available. but it appears that the UBjority 
of the contraotor firms are sUBll and employ no more than 100 
workers 
9 
3. The Chilean forestry workers. 
Forestry workers are a d1tficul t group to define. The 
growth of the forestry 1D:iustry. previously commented. has attracted 
labourers from various 1D:iustrial branches. e.g. miners. builders 
and textile workers. Traditionally. forestry workers have been 
considered specialized agrioultural workers. HOI'I'ever. there are 
clear d1tferenoes between them. Although both work in a natural 
environment. agrioultural work is carried out in limited physical 
space while forestry workers are itinerant. Another important 
difference is that agricultural work is dependant on the annual 
biological cycle of plants. In contrast. forestry work depends much 
more on the climatio comitions. These factors 1rxi1cate that 
forestry workers are a special group not comparable either to 
industrial or agricultural workers; their problems are specific 
and therefore they need to be analysed separately. 
3;1. Level of earnings and purchaSing -power. 
It is difficult to establish a general rule for the 
level of earnings of these workers. Basically. they can be paid a 
fixed salary. which is the system adopted by most of the Enterprises. 
or they can be paid by piece rate. The workers employed by contractors 
are paid on piece rates. The earnings of forestry workers are low 
am according to Otero (1981) If the workers employed by contractors 
do not earn the legal m1n1mwn If. It would be useless to carry out 
any estimation of the salaries in pourxis sterling. or in any other 
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foreign currency. because the earnings have to be Judged under the 
prevailing conditions 01' each country. In a report from the Interna-
tional Labour Office (1973). data are provided for the required time 
to buy some types of food ani clotheS. In that report it was pointed 
out that a Chilean forestry worker needed to work 35 minutes to buy 
1 kg bread. 4 hours for 1 kg butter. 4 hours for 1 kg meat. 6 days 
for a pair of shoes and 4 days for a pair 01' trousers. Although ten 
years have passed since that information was published and the 
economic policies have changed in Chile during this time. it can 
give a rough idea of the purchasing power 01' forestry workers. 
Currently. from the observations in this study. the working time 
required to buy 1 kg bread is around 50 minutes ani for 1 kg butter 
and 1 kg meat around 1 day each. One aspect which is necessary to 
point out is that not all the forestry workers earn the same salary. 
Usually. the axe workers have lower salaries than the power saw 
operators. There is also a difference in salary between the power 
saw operators who own the tool ani those who work with tools owned 
by the contractors. A power saw operator owner 01' the tool gets about 
25 i more salary than his colleagues who work with tools owned by 
the contractor ani about twice as much as the axe workers. 
3.2. The ~iving environment 
Because of the nature 01' forestry work a large 
number 01' the labour force have to live in forestry camps. According 
to otero (1981). two thirds 01' the total nwnber of forestry workers 
live in temporary or permanent camps. He also pointed out that 
housing is very primitive and that only around 20 i 01' these camps 
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are well established. The remaining correspond to settlements where 
the huts do not have floors nor ceilings, the roofs are covered 
with sheet iron. A very similar description was made in the " Report 
of the Second Tripartite Technical Meeting for the Timber Industry ", 
sponsored by the ILO in 1973. For the purpose of this research it 
is important to point out that only 5 out of the 122 workers in 
which this study was carried out lived in forestry camps, the rest 
having residence in smll forestry villages. 
The living standards in the forestry villages are 
somewhat different. Most of the workers have their own houses and 
a piece of land where they have some livestock and grow vegetables 
and fruits. The workers living in these villages usually have a 
contract with an enterprise located nearby. However, some contractors 
also allow their workers to live at home from where they are 
transported every day to work. 
From a social point of view, life in these villages 
permits some elementary cormnmal organization. However, this is very 
much dependent upon the number of families living in a particular 
place. Hospitals, schools and churches tend to be located at long 
distances and the resources available for education and health care 
are very limited. For example, in the village of Campanario, where 
around 50 'I> of the workers participating in this study lived, there 
was only one polyclinic for nearly two thousands families having their 
residence in the village and surrounds. Furthermore, a physician and 
a pediatric nurse, a social worker and a dentist visited the place 
only once a week. the rest of the time the polyclinio was in charge 
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of an orderly who could hardly cope with first aid. In emergencies. 
denanding ilD1!ediate attention. an ambulance had to be requested to 
the nearest hospital which was located at about 30 km from the 
polyclinic. Should the ambulance not be available. the only 
transport were 3 coaches which passed daily through the village. 
3.3. The educational level 
Research carried out by l-tmoz an:i l-tmoz (unpublished 
data) found that 13 '" of forestry workers were illiterate. They 
also found that 61 '" had not completed basic schooling. Their 
sample included 339 workers but in their definition of forestry 
workers they included labourers from sawmills an:i other industrial 
branches. This Jl8.y explain the difference in the findings of 
Otero (1981)who reported that 30 '" of the forestry workers were 
illiterate. Our observations were closer to the results published 
by Otero (1981) since 25 '" of the workers participating in this 
research did not know how to read or write. the remainder having 
attended only primary school. 
3.~. Health status 
A review of the literature reveals that no systematic 
studies of the health status of the Chilean forestry workers have 
been conducted. In the report of the " Second Tripartite Technical 
Meet~ for the Timber Industry" (1973) it was pointed out: n In 
Chile. infirmites due to forestry work are still to be observed. 
Curvatures of the spine caused by carrying heavy loads an:i rheumatic 
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diseases attributable to weather oonditions are frequently 
reported n. Although the source of information was not quoted. low 
baok pain in forestry workers has been observed in other studies, 
Apud (1979). In an ergonomic ani health interview carried out as 
part of a physiological survey on forestry workers, he found that 
60 '10 of the labourers oomplained of baok pain in the lumber region, 
42 '10 stated that they felt pain at work ani 'i!( '10 mentioned that in 
oany oases the pain was so aoute that they had to stop working. 
These workers were requested to identify the work operations whioh. 
in their opinion, were responsible for the symptom. The results are 
summarized in table 1. 
Table 1 
Work operations related to back pain by 165 forestry workers 
Work operation Peroent 
Debranohing 42.9 
Piling 23.6 
Debranoh1ng and piling 8.6 
A~ aotivity demaniing bending 8.6 
Resting 5·7 
others 5.6 
From: Apud, E. (1979). El aporte de la Ergonomia al desarrollo 
industrial. Dooumentos Segundas Jornadas Latinoamerioanas 
de Seguridad e Higiene del Trabajo, Santiago de Chile. 
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It is evident that the results of that interview 
could be of help in the ergonomic analysis of the work places. 
HOIfever, they are not supported by any clinical evidence, Therefore, 
when the present research was planned, it was considered of primary 
importance to include a medical examination, not only to analyse 
the problems of back pain but also to detect the most important 
health problems of these workers. 
The medical examination was carried out by Dr. Sergio 
Opazo, from the Faculty of Medicine of the University of Concepcion 
and Dr. Jorge Pastene from the Sport Council of Concepcion (DIaEDER). 
72 workers aged 19 to 62 years, mean age 33 years, were examined. 
Table 2 includes the most important pathologies found in these 
workers. 
Table 2 
Pathologies detected in a medical examination of 72 forestry workers 
Pathologies 
Scoliosis of different degree 
Lumbago 
Knee sprain 
Arterial hypertension 
Ulcer synirome 
Percent workers 
32.8 
4.1 
4.1 
6.8 
5.6 
From: Opazo, S. and. Pastene, J., 1982 (unpublished data) 
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Table 2 shows that the most frequent symptoms are 
those related to the locomotor system. This is coincident with 
studies carried out in other countries, quoted. in the report of 
the 11 Second Tripartite Technical Meeting for the Timber Industry ". 
In that study it was pointed out that in the United Kingdom, 33 i 
of the labour force in the state forests have had some form of back 
trouble, which is not very different from the findings in Sweden, 
The Netherlands and the Soviet Union. 
The physicians who carried out the medical survey 
stated that, appart from the symptoms related to the locomotor 
system, there did not appear important differences between this 
and other groups of the Chilean population. Although they also 
remarked that the summary presented in table 2, includes only 
those infirmities which could affect work. or, most important, could 
be agravated by the type of work carried out by these labourers. 
Diseases like athlete's foot or genital micosis, which tend to be 
common amongst adult male workers, were not included. 
3.5. The odontological report. 
The most common complaint amongst the workers 
participating in this study was tooth-ache. As it was pointed out 
before, in the village of Campanario there was only a dentist for 
nearly two thousands families. In the polyclinic of the village 
the room for dental treatment had only a wooden chair. The workers 
complained that extractions were very painful since, in most cases, 
they were carried out without local anesthesia. other important 
remark from the workers was that when they needed to visit the 
16 
dentist they bad to be off work the whole day. which affected their 
piece rate pay. This was mainly because they could not get ~ 
transport to or from the work places out of the scheduled hours. 
Furthermore. as the dentist visited the polyclinic once a week. 
the deman:i for his service was very high and. therefore. apart of 
the wat.sted time. they were never sure of gett1ng ~ treatment. 
It should be mentioned that in the polyclinic onl.y extractions were 
carried out. 
The odontological study was performed by Dr. Mario 
Gutierrez. from the Sport Council of Conaepcion (DIGEDER) and 
Dr. Lorenzo Jamasmie. from the Faculty of Odontology of the 
University of Chile. Seventy voluntary workers. whose average age 
was 33 yeare. were examined. At the em. of their study a report 
was prepared which remarked: n the clinical fin:i1ngs were of such 
magnitude that they could only be classified as critical n. They 
foum. an average 9.8 teeth had been extracted or were due for 
extraction. which correspom. to 35 '1> of the total rmmber of teeth 
(calculation based on 28. the th~r'd molars be1ng excluded). The 
average number of caries was 4.5. which appears relatively 10l0r. 
but not in relation to the high number of extracted teeth. Another 
important fin:i1ng of the Odontologists was the average number of 
fill1ngs 0.26 '1>. which is another indication that practically no 
preventive treatment was provided for this populaU.n. 
,(part from caries. 25 different kim.s of oral 
pathologies were detected. Table 3 sumnarizes those which were 
foun:i more frequently 
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Table ) 
Freque~y of odonto- stomatological diseases of 70 Chilean 
forestry workers. 
PATHOLOGIE'3 
Gingivitis (simple) 
Gingivitis (generalized) 
Gingivitis (ulcer-necrotic) 
Acute pulpitis 
Oral sepsis 
Unilateral temporo-mandibular dysfunction 
Bilateral dysfunction 
70.3 
7.4 
14.8 
22.2 
40.7 
29.6 
11.1 
From: Gutierrez. M. am. Jamasmie. L •• 1982. (unpublished data) 
There is a high incidence of gingivitis as shown in 
table 3. The odontologists stated: " normally in odonto- stomatology. 
dental pathology is followed by gingivitis am. these workers do not 
escape this rule ". They also drew attention to poor dental hygiene 
habits. The .. iIxiex of oral hygiene ". gave an average of 1.6 
(maximum = 2 ani minimum co 0). This index is calculated from the 
food detritus and gingival tartar encountered at the time of 
examination. According to the Odontologists the average value of 
1.6,reflects bad hygienic habits for these workers. This is a result 
of lack of basic knowledge. but it also indicates the need for 
education in relation to protection and recovery of oral health. 
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4. The protection of workers against occupational hazards. 
The National Safety Council (1981) reported that 
Chile spems around £ 500 million per annum as a consequence of 
acCidents and occupational diseases. Accordingly, 10 the last 
few years there has been large campaigns to reduce the 
devastating effect of accidents and occupational diseases. These 
campaigns are showing positive results 10 several industries, 
however 10 the forestry industry there does not appear to be any 
improvement. The National Safety Council (1981) reported that 
accidents have fallen 10 Chile from 19.4 '" 10 1971 to 11.9 '" 10 
1979, while 10 forestry accidents reached the alarming figure of 
19.8 '" in 1979. 
4.1. Legislation. 
In 1968 a law was approved 10 Chile for the 
protection of workers against accidents and occupational diseases 
and provided them with medical and economic benefits. As pointed 
out by Ruiz de Gamboa (1978) the enterprises have to insure their 
workers against the public sector, represented by the National 
Health Service, or in the private sector, through any of the 
three especialized insurance companies, better known as "Safety 
Mutuals n. Any enterprise holding more than two thousams workers 
may have their own self-insurance system. The benefits given to 
the, workers are mainly financed by the enterprises who pay the 
equivalent of 1 '" of the workers salaries to offset the prime of 
this mandatory insurance. This amount can be increased up to four 
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:percent according to the different iXldustr1al risks but it can 
also be reduced if the employers improve the working environment. 
Other consideration is that e;ny enterprise holding more than 
100 workers must have a Safety Department. If the labourers are 
less than 100 but more than 25. a Joint Safety Committee. with 
representatives of employers and workers. has to be organized. 
Furthermore. safety equipment has to be provided with existing 
facilities to import tax-free safety devices. 
The employers can be fined when they do not follow 
the rulings of the National Health Service or the Safety I>h.ttuals. 
furthermore. their industries can be closed if there are imminent 
risks for the health of the workers. However. for the nature of 
forestry work. it is almost impossible to have a regular control 
which. to some extent. explains the reason why so ma.n;v forestry 
contractors. as pointed out before. are infringing this law. A 
clear example comes from a study carried out by Apud (1976). He 
found that safety helmets were the only protection worn by most 
labourers.The results of this study are shOlm in table 4. The 
sample includes 165 workers from enterprises of different size and 
from various parts of Chile. 
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Table 4 
Percent of forestry workers wearing protective equipment 
Type of protection Percent 
Ear protector 0.0 
Safety eye-glasses 2.4 
Helrret 83.0 
Gloves 46.1 
Safety shoes zr·9 
Rain boots 56.4 
Rain clothes 14.5 
From: Apud. E. 1976. La Ergonomia del TrabaJo Forestal. In: "Ocupa-
cion Forestal en America Latina. Rome: FAO. 
4.2. Accidents statistics. 
Accidents in forestry always merit a comment since 
they are often most severe. In ChUe. it is recognized that the 
collection of data is particularly difficult in forestry work 
because of the isolation of the exploitable areas and also the 
limited number of experts in Occupational Safety. In 1979 the 
National Health Se:rvice had only one expert for every 31.000 
wor~ers while the Safety Mutuals had one for every 4,000 workers. 
Avaria (1979) carried out a study showing that the 
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frequency rate of accidents in forestry was 88 accidents per 
million working hours. Comparatively. this rate is only lower than 
the figures reported for the buUding iIxiustry as well as agricul-
tural ani manufacturing work. However. the severity rate. defined 
as the m.unber of days per mUlion man-hours. showed that forestry 
work is far the most dangerous in ChUe. In that stu:ly. the 
severity rate was 4.978 followed by the buUding iIxiustry with a 
rate of 2.597. It should be remembered that the severity rate was 
calculated assuming a fixed value of 6.000 days in the event of 
death. Although Avaria (1979) did not report the fatality rate. 
which is the number of accidents resulting in death per 10.000 
workers. statistics from the Asociacion Chilena de Seguridad 
(unpublished data) revealed that in 1978 the fatality rate was 12.1 
while in 1979 reached 11.1. 
There is no doubt that these figures iIxiicate that 
an improvement of safety in the forestry iIxiustry is a priority 
and requires a better analysis of the main factors contributing 
to accidents. One of the most valuable analysis of forestry 
accidents was carried out by Munita in 1979. Although the results 
of that study have not been pUblished. Munita kiIxily provided 
some of his information for the purpose of this study. The data 
were collected from 58 logging companies and contractors. the 
average number of workers under control being 8.331. Munita found 
that most of the accidents happened while felling trees (11.8 ~). 
debrynching (14.5 ~) and pUing trees marrually (14.5 ~). The 
classification of these accidents according to the agents showed 
that 15.4 ~ were caused by manual tools while 30 ~ by were caused 
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by branches or the tree trunk. A further analysis revealed that 
40 ~ of the injuries were bruises, from direot or indireot blows 
and 30 ~ were due to cuts. As it oan be seen, these two injuries 
aocounted for 70 ~ of all injuries. This is very muoh in agreement 
with the results reported by Apud (1979) who also analysed the most 
common injuries suffered by forestry workers. The results of his 
study are shown in table 5. 
Table 5 
Injuries reported by 165 forestry workers in a retrospeotive 
survey. 
Injuries Peroent 
Bruises from blows 56.0 
Bruises from falls 4.0 
Cuts with axe 25.3 
Cuts with power saw 4.0 
Foreign bodies in eyes 6.7 
Others 4.0 
From: Apud, E. 1978, El aporte de la Ergonomia al desarrollo 
industrial. Documentos Segundas Jornadas Latinoamerioanas 
de Seguridad e Higiene del Trabajo, Santiago de Chile. 
5. Vocational Training. 
For a long time, vocational training in Chile 
has been considered neoessary to improve safety and produotivity. 
Furthermore. there is a law helping to promote these activities 
by allOlfing the employers to deduct the cost of trs1n1ng from 
inoome tax. Vocational trs1n1ng of forestry workers started 
around 1960. In those days it was carried out by the Forestry 
Institute of Chile (INFOR) and the National Institute for 
Vocational Tra1n1ng (INACAP). Their aativities were 11m1ted 
beaause of the few resources which did not allOlf them to inorease 
the 1lUIIber of trsined workers. 
In 19rO. the United Nations Development Programme 
(UNDP) and the Chilean government. through the National 
Corporation of Forestry (CONAF). started a cooperative project 
to develop the "National Forestry Programme". Within the saope 
of this proJeat. resources were provided to start a "National 
Centre for Vocational Tra1n1ng of forestry workers ". nowadays 
called Centro de Capacitacion Escuadron. A good desaription of 
the activities of this Centre was published by Jordan (lgr6). 
Although the Centro de Capacitacion Esauadron 
have had important achievements. it is also certain that it is 
very far to cover the needs for the whole aountry. In table 6 
are shown the number of trained workers between 19r4 and 1977. 
According to Jordan (lgr6) the number of workers employed in 
forestry 1n:1ustries during those years was around Zl.OOO. 
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Table 6 
Vocational training of forestry workers in Chile 
Year 
1974 
1975 
1976 
1977 
Number of courses 
52 
44 
98 
108 
Number of trained 
workers 
712 
556 
1132 
1111 
From: Duran. V •• Douglas. C._ Espinoza. G. ani Jordan. C •• 1978. 
Proposicion para la expansion del programa nacional de 
ca:pa.aitacion forestal. FO/cKI/76/003. Documento 9 
6. The c1inate. 
Since the cl1nate can be a very important 
determinant of the work load. it deemed necessary to include in this 
chapter some general infornation about the c1tnatic characteristics 
of the areas where this study was carried out. Chile is a country 
where there are extremes of daily fluctuations in temperature. The 
part of the country where this study was c performed _ is considered 
temperate. For example. in Campanario where some studies were 
carried out in the summer 1981-1982. the hottest months are January 
and February. According to the Department of Metereo1ogy of the 
University of Concepcion. the highest temperature recorded in that 
sununer season was 29.2oC on 21st January while the lowest was 
o 
recorded on 1st January (6.8 C). The max1m..un temperature recorded 
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o during February 1982 was 25.4 c. Because 'of 'the daily fluctuations 
in temperature during these months, the field and laboratory studies, 
presented in the following chapters, were carried out in temperatures 
o 
not exceeding 22 C. 
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CHAPlERln 
AImmOPO!oETHll', B<DY COMPOOmON MD MI\XIMU, OXYGEN UP1'AXE OF 
CHIIEAN FORESTRY WORKERS 
1. Introduction. 
In applied work PhYsiological research intended 
to elucidate problems of adaptation to work, a clear knowledge of the 
physical characteristics of the labourers 1s needed. Scientists 
working under the auspices of the International Biological Prograrmne/ 
Hunan Adaptability Section (mP/HA), have studied the reliability 
of various techniques for the assessment of population groups ani 
instructions have been pUblished for the proper application of 
these methods, We1ner ani Lourie (1981). 
As there is a vast number of techniques for 
the study of human anatomical ani physiological characteristics. 
two important questions arise when planning research of this nature. 
First. what measurements are really needed ani, sec om, which are 
the most appropriate techniques to obtain this information. The 
first question is not so difficult to answer since nowadays it is 
aecepted that in any study of human work, estimations of physical 
working capacity, body compoSition ani body size are minimal 
requirements. The problem arises when trying to answer the secom 
question; there is a rrumber of techniques for the study of human 
PhYsical characteristics of different complexity ani, certsinly. 
a varied range of precision. For this reason, it is fundamental 
to have a clear concept of the limitations and advantages of the 
methods to be applied. having in mind whether they are accurate 
enough to provide the required information. otherwise. the results 
can lead to considerable error and misJudgement. 
1.1. Body size. 
The simplest index to measure in man is his 
body weight. In the long term. the maintenance of body weight is a 
natter of energy balance. If the energy intake is adequate to meet 
the energy demands. body weight remains unchanged. The largest energy 
store in the body is in the form of body fat contained in adipose 
tissue. A community which ingests more energy than their metabolic 
needs have a tendency to overweight due to an increase in body fat. 
In contrast. if the energy intake is not sufficient. this has to be 
obtained from the reserve with a consequent reduction in body fat 
and body weight. Normally, overweight and underweight are defined 
in terms of the weight of one individual compared to some standards. 
usually the average of a population of the same stature. sex and 
age. One of the most common standards comes from the Metropolitan 
Life Insurance Company of New York (1960). They have produced tables 
for desirable weight. based on weights associated with the lowest 
mortality rates. according to the age. stature and body frame of 
individuals. 
In a report from the Department of Health and 
Social Security/Medical Research Council (DB3S/MRC) group (1976). a 
summary is given of different indices which take into account stature 
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in the form of quotients of the type W/ha • They are based on the 
fact that a tall individual is normally heavier than a shorter one. 
Womersley and Durnin (1977) have evaluated these indices against 
body density and found that one of' the most reliable is the W/h2. 
known as the Q.uetelet index. 
The desirable weights or the indices based on 
the relationship of weight to stature present the risk of errors in 
the classification of people. A typical example was reported by 
Welham and Behnke (1942). These workers demonstrated that a group 
of professional football players. rejected for military service for 
having high relative weight. proved to have a smller proportion of 
body fat than a group of non-athletic young men. the overweight 
being the consequence of an increased amount of fat free mass 
induced by their practised sport. 
The refinements introduced to allow for subjects 
with small. medium and large frames do not seem to solve the problems. 
Lesser. Deutsh and Markofsky (1971) have pointed out that these terms 
might be misleading on account of the frame size being prejudiced 
by body fat. In spite of these limitations. it is accepted that the 
indices of body weight can be used as a rough measurement of leanness 
and fatness in population studies. However. as pointed out by 
Garrow (1978). since fat is the greatest energy store. the measurement 
of this compartment is most valuable in studies of energy balance. A 
similar remark was made by Womersley and Durnin (1977). who stated 
that if skinfolds are not available. then the most satisfactory 
index is W/h2. 
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1.2. Body composition. 
The d:lrect study of human body composition 
can be achieved by dissection. However. due to technical problems 
in this method. the literature is very scant and there is little 
information coming from anatomical separation of human compartments. 
Because dissection can be only carried out on cadavers. Clinicians, 
Physiologists and Anthropologists have turned to the search of 
ind:lrect methods for studying the body composition of Man. 
There are numerous techniques for the 
assesment of body composition. They might be as simple as that 
proposed by Bebnke (1963) who refers only to stature, or much 
more refined techniques requiring complicated instrumentation. 
Although the human body is composed of fat, water, protein and 
bone mineral. the common assum 'Ption of the majority of these 
methods is that the body can be divided into two compartments, 
namely fat mass (FM) and fat free mass (FFM). 
In general terms, the procedures for the 
study of human body compositIon can be divided into laboratory 
methods and field techniques. At present there are available many 
laboratory methods. For example, the determination of total body 
water allows the estimation of FFM, since the FM is considered to 
be anhydrous and the water a constant proportion of the FFM. The 
estimation of FFM can also be obtained from total body potassIum 
counts USing whole body counters. Fat soluble inert gases, such 
as Cyolopropane and Krypton, have been used to estimate the fat 
30 
content of the body. Soft tissue radiographs can also be used to 
1dent11'y layer of sk1n. subcutaneous fat, muscle ani bone, ani 
lately, u1trasound has also provided a means for the estimation 
of body compartments based on the d11'ferent densities ani acoustic 
properties of the tissues. As it would be too extensive to analyse 
each of these methods in deta1l. reference is made to Brozek (1960). 
Behnke and W1lmore (1974). Jones (1976) ani Garrow (1978) who have 
published very comprehensive reviews of these techniques. However. 
as densitometry has been the laboratory method employed to develop 
the majority of field techniques, a detailed account of this method 
will be given. 
1.2.1. Body density 
From physics it is known that the density of 
an object can be estimated from the following quotient: 
Mass 
Density =---
Volume 
The same principle was proposed by Behnke, 
Feen and Welham (1942) for the estimation of the density of the 
human body. The theoretical considerations come from tre Archimides 
principle ani were clearly described by Brozek (1960). Basically, 
1n a physical system of two components of known densities, the 
determination of the density of the system allows the calculation 
of the proportions of the two components. 
The ether extractable human fat is considered 
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to have a density of about 0.90 x 103 kg m-3 • This is supported by 
the f1Diings of Fidanza, Keys ani Amers6n (1953) who encountered 
-
in twenty samples of subcutaneous fat of adult rmm ani women an 
average density of 0.90000 x 10' kg m-3 at 370 C, the range being 
from 0.8982 to 0.9009 x 10' kg m-3 • 
Womersley (1974) published a complete review 
of the literature concerned with the derivation of the density of FFM. 
Nowadays, as has been pointed out by Durnin ani Womersley (1974). it 
is accepted that the FFM has a density of about 1.1 x 103 kg m-3 • 
The densities of the in:l1vidual components of the FFM are considered 
3 -3 to be 0.993. 1.34 ani 3.00 x 10 kg m , for water protein ani bone 
mineral respectively. 
There are different formulae for the calculation 
of body fat from density values. The most commonly used are those of 
Rathbun and Pace (1945), Keys and Brozek (1953) ani Siri (1956). It 
should be pointed out that the equation of Rathbun and Pace (1945) 
permits the calculation of body fat from specific gravity instead of 
density. 
Among the methods for measuring body density, 
the most "Common.are the underwater weighing technique. described by 
von Dobeln (1956). Durn1n and Ramahan (1967) ani Jones ani Norgan 
(1974), the water displacement procedure outlined by Jones (1972) ani 
the Helium dilution technique developed by Walser and Stein (1953). 
All the three procedures have advantages and limitations. The techniques 
of water displacement and underwater weighing are similar; the only 
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difference is that in the latter the volume is obtained by weighing 
the subject under water, while in the former by measuring the volume 
of water displaced when the person is completely submerged. In both 
procedures it is necessary to exclude the air in the lungs, and the 
gas in the intestinal tract. If the subject submerges in t'ull 
inspiration, the Vital Capacity and the Residual Im!g Volume have 
to be measured under water, to allow for the hydrostatic pressure 
effect. When the weight or volume is registered in expiration, it 
is necessary to measure only the Residual Im!g Volume. One thing is 
fundamental to all these techniques and that is the full cooperation 
of the subjects; there may be therefore certain limitations in studies on 
small children, the elderly and sick people. 
The Helium dilution technique is based on 
Boyle's Law. The theoretical consideration is that if a body is located 
in a closed chamber, the gas space within the chamber will be reduced 
in proportion to the volume of the body. With this technique it is 
not necessary to measure the lung volumes since the Helium, which is 
used as a tracer, is also diluted in the respiratory system. However, 
in spite of this advantage, it is very costly and requires extremely 
accurate technical devices. 
1.2.2. Field techniques for the estimation of FM and FFM. 
In large surveys, when it is necessary to 
study body composition in relation to growth, ageing, exercise, 
" 
nutritional status and occupational ac:l;ivities, laboratory methods 
are not always practical. Therefore, a considerable amount of research 
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in the area of body composition has been devoted to simple field 
screening methods. to estimate FM am FFM with the best possible 
accuracy. 
It has been shown by Brozek am Keys (1951). 
Keys am Brozek (1953). Pascale. Grossman. Sloan am Frankel (1956). 
Parizkova (1959). Durn1n and Ramahan (19(57). Slean (19(57). Durn1n 
and Womersley (1974). Jones. BharadwaJ. Bhatia am Malhotra (1976). 
Brown am Jones (1977) am Apud and. Jones (1980) that the skinfolds 
thicknesses can be used to estimate FM and hence FFM. other workers 
such as von Dobeln (1959) and Behnke (1959. 19(51. 19(53) have 
developed equations for estimating body composition from skeletal 
measurements. allowing for the fact that a constant proportion of 
lean tissue is associated with a certain skeletal size. 
The number of anthropometric techniques is 
considerable and a great deal of effort has been made to improve the 
prediction of FM and FFM by investigating new body sites or trying 
different combinations of skinfolds. skeletal measurements am 
girthS. Normally the anthropometric formulae show good agreement 
with more precise methods but when tested on other populations. 
even of the same ethnic origin. they teni to diminish their accuracy. 
as has been shown by Damon am Goldman (1964). Katch am Michael (1969). 
Wilmore am Behnke (19(59). Haisman (1970). Bakker am Struikenkamp 
(1977) ani Apud and Jones (1980). The main difficulty arises when 
it has to be decided which of the many formulae available is the most 
suitable for the population intenied. 
Considering that no anthropometric equations 
have been validated for the Chilean population, Apud (1978) carried 
-
out a study to evaluate the validity of three techniques in wide use 
in Chile. These were the procedures proposed by Behnke (1961), von 
Do"beln (1959) and Durnin and Womersley (1974). The first two 
techniques are based on the measurements of body diameters and 
stature. allowing the calculation of FFM. The latter estimates body 
density. and hence FM. from sk1n:folds thicknesses. The laboratory 
method used for the comparison was the measurement of body density 
by a water displaoement procedure. as described by Jones (1972). 
Apud and Jones (1980) reported the results for the evaluation of 
von DOOeln (1959) and Behnke (1961) techniques. They found that both 
techniques were inaccurate. The prooedure of Behnke (1961) 
systematically over-estimated FFM when compared with the same 
variable calculated from densitometry. The technique of von Dobeln 
(1959) showed a significant relationship with FFM derived from 
densitometry but with a very large standard error. 
The technique based on the measurements of 
sk1n:folds thicknesses proved to be much more accurate. The conclusions 
of Apud and Jones (1980). after measuring body density and skinfolds 
at twelve different sites can be summarized as follows: 
i) The trunk sites showed a better ability to 
predict body density than the 11mb sites. 
11) There was a trend to improve the prediction 
of body density when two or more sk1n:folds 
were added. 
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11i) Single trunk sk1nf'olds. showing high individual 
predictive value. did not yield much improvement 
when SUlJJlled. 
iV) No great improvement was found when sunming 
12 sites as compared with combinations of 
2. 3 or 4 skinfolds. 
v) The results suggested that it was more 
convenient to combine 11mb am trunk sites 
which might be more representative of the 
total subcutaneous fat. 
Vi) With regard to specific sites. those proposed 
by Durnin am Womersley (1974) seemed an ideal 
combination since they are readily accesible 
and the sum of 2. 3 or 4 sk1nf'olds correlated 
well with body density and did not show a 
significant difference in the standard error 
of the estimates. 
1.2.3. The technique of Durnin and Womersley (1974). 
The literature is vast in anthropometric formulae 
based on the measurement of various sk1nf'olds. As this can be confusing 
it seems more convenient at present to validate those equations which 
have proved to be valid in different ethnic groups. rather than propose 
new equations. Although Durn1n and Womersley formulae were derived 
fro~ a British population. Jones et al. (1974). Parizkova (1977). 
Bakker and Struikenkamp (1977) and Norgan. Ferro Luzzi and Durn1n 
(1982) demonstrated that this lirocedure was also valid for other 
ethnic groups. HCMever. before proposing these equations for use 
in the Chilean population. Apud and Jones (1980) demonstrated that 
there were no s1gn1ficant differences between the equations derived 
from the British population and those from Chilean subjects and. 
therefore. they have been proposed for the screening of body 
composition in Chile. 
There are two specific aspects stemning from 
the work of Durn1n and Womersley (1974) which merit a comment since 
they have not been considered in any other equations for adult 
subjects. First. their sample included male and female from 17 to 
72 years of age. Dividing the subjects by sex and age am. considering 
five age groups. they found that plotting the regression lines derived 
from sk1nfolds against body density there was a consistent trend. for 
the intercept to become lower with advancing age. The second. important 
aspect highlighted by Durn1n and Womersley (1974) was that the 
relationship between body density and sk1nfolds is not linear; in 
obese subjects relatively large increments in sk1nfolds thicknesses 
were associated with small changes in density. When expressing the 
raw values of skinfolds as logarithm. the relationship became 
apparently linear and regression lines could be fitted. For these 
reasons. these workers developed their equations using the 
logarithmic expression of four sk1nfolds namely. subscapular. 
supralliac. biceps and triceps. In relation to the standard error 
of the estimates. they found. little differences using four. three. 
two or even a single sk1nfold. However. they pointed out "there are 
ocassional individuals where. because of unusual fat distribution. 
the likelihood of large error nay be reduced by using multiple 
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skillfolds It. 
1.2.4. Body size and body composition of Chilean workers. 
Apud (1978) compared the characteristics of 
body size and body composition of 405 adult male workers. The sample 
included l,30 forestry workers, who represented the lower socio-
economic level. an intermediate group group which included l,32 
steel mill workers and 92 foundry workers and a group of 51 academics 
and students from a higher socio-economic background. The study 
showed that for groups of similar age. there was a significant trem 
for stature to be higher with increasing socio-economic status. The 
workers in the age group 20 to 29 years were found to be a good 
example: the average stature for both groups of in:iustrial workers 
was 1.69 m, for academics and students 1.74 m and for forestry 
workers 1.64 m. The body weight of forestry workers was also lower 
than the body weight of in:iustrial workers. However. the differences 
were proportional to the fat content of their bodies since there 
were no significant differences between the weight of FFM of any 
of the groups for age or activity, while the variations in 
percentage fat mass were considerable. The imustrial workers had 
a clear trend to overweight since 79 ~ of the foundry workers and 
59 ~ of the steel mill workers had more than 20 1> body fat. These 
fin:iings tem to be confirmed by recent studies of Apud and 
Vergara (unpublished data) and Apud. Chiang and Guzman (1982) who 
found that 50 1> of workers in a car assembling factory and 82 ~ of 
a group of firemen in an oil refinery. were over this limit. From 
the forestry workers studied in 1978 only 17 ~ had more than 20 1> 
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body fat. 
1.3. Physlcal. working capaclty. 
Man's abillty to perform susta1ned muscular 
work depends on numerous factors and. as po1nted out by Lange 
Aniersen (1966). the term work capaclty cannot be precisely defined 
wlthin limlting the soope to one or two separate aspeots. 
Aocording to Astrand and Rodahl (1977) the 
factors determining physlcal. performance can be sUlllDla.I'lzed as 
follOW's: 
1) Energy output 
Aerobl0 processes 
Anaeroblc processes 
11) Neuromuscular functlon 
Strength 
Teclm1que 
111) Psycho1og1oal. faotors 
Motlvatlon 
Sklll 
From all these faotors. lt has been shown on 
several ocasslons that the nmcimal capaolty of the aerobl0 processes 
( aerobic capacity or aerobic power ) is a reliable indicator of the 
abillty of man to perform dynaml0 physical work. NOW'adays. as 
lndicated by Shephard. Benade. Davies. dl Prampero. Hedman. Merrlman. 
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Myhre and Simmons (1968) the aerobic power is accepted as an 
International standard of reference for studying the fd.tness of 
world populations. 
The aerobic power can be assesed by measuring 
the maximal oxygen uptake (V02 max) which reflects the combined 
capacity of the cardiovascular and respiratory systems to obtain, 
transport and deliver oxygen to the working muscles, as well as 
the efficiency of this tissue to metabolize oxygen. 
In practical work situations there is little 
evidence supporting the effect of V02 max on work output. Hansson 
. (1965) fOUIxl that V02 rnax was significantly higher in forestry 
workers described as "top" than in average workers. More recently, 
Spurr, Barac-Nieto and Maksud (1977) studied 46 Colombian sugar 
cane cutters; they also reported a significant relationship between 
• V02 rnax and the work output between this group. 
In the Chilean population there is limited 
knowledge of the relationship between V02 rnax and work output. 
The only study carried out to obtain evidence of the relationship 
• between V02 rnax and performance is that reported by Donoso, Apud 
and Rigoletti (1968). These workers studied a group of competition 
long distance runners in which the V02 max was measured directly. 
Thereafter, performance in their athletic speciality was evaluated 
• 
on t~e sports field,where V02 and running speed were measured. It 
• was found that there was a significant relationship between V02 max 
and athletic performance. When the records of this group were 
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reviewed some years later. it revealed that only one out of the 
five long-d1stance runners was selected for the national team and 
he was also successful in Iatin American competitions. This subject 
• 
also showed the highest V02 max value. 
• 1.3.1. Techniques for the assesment of V02 II!I.X • 
• The direct measurement of V02 II!I.X is a reliable 
procedure in the hand of skilled observers. However. it is a complex 
technique which involves risks for older people or subjects with 
cardiovascular and respiratory conditions. Therefore. it is 
necessary to carry out the measurements in well equipped laboratories 
and to have medical assistance on hand in case of emergencies. All 
these factors impose limitations ,of the direct measurement ofV02 
malt for the study of large groups. 
Several procedures have been proposed for the 
estimation of V02 malt from submaximal loads. Amongst the most well 
known are the nomogram of Kstrand and Ryhming (1954). the procedure 
developed by Margaria. Aghemo and Ravelli (1965) and the technique 
of Maritz. Morrison. Peter. Strydom and Wyndham (1961). These 
methods are based on the linear relationship between cardiac 
frequency (fC) and oxygen uptake (V02)' at steady state. from low 
metabolic rates up to nearly the maximal attainable rate. This 
relationship have been reported among other workers by Lundgren 
(1946) and Berggren and Christensen (1950). However. one of the 
• 
main problems is that the relationship between fC ani V02 might be 
asymptotic when fe is near to maximum. particularly in unfit subjects • 
. 
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Another 11m1tation of the submax1mal tests is that the maximal 
cardiac frequency has to be est1mated empirically. Rstrand. arxl. 
Cbristensen (1964) have remarked upon the decrease in maximal 
cardiac frequency with age. Even if age is taken into account. there 
is still a considerable variation in maximal cardiac frequency 
between individuals. which might introduce error in the estimation 
of v02 max. 
In spite of these 11m1tations. the prediction 
of V02 max from submaximal work measurements is accepted as a good 
procedure for screening of large groups. The World Health Organization 
as well as the mp/HA have been concerned with the standardization 
of submax:imal tests. Good reviews of the advantages and 11m1tations 
of various indirect methods have been carried out by Rowell. Taylor 
and Yang Wang (1964). Glassford. Baycroft. Sedgwick and Macnsb(l964). 
Teraslins. Ismail and McLeod (1964). Davies (1968). Shephard (1971) 
arxl. Lange Andersen. Shephard. Denolin. Varnsuskas arxl. Masironi (1971). 
1.3.2. The relationship of age. physical training. body size and 
body composition to '0102 max. 
1.3.2.1. Age. 
~02 max declines with age in males arxl. females. 
o 
In men Astrand and Rodahl (1977) have reported that the highest 
'0102. max is attained between 18 and 20 years of age. followed by a 
gradual decline • According to these workers. the ~02 max at 65 
years of age is about 30 'fo lower than at the age of 25. 
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Donoso (lm) has reported data :from a Chilean 
community of high altitude natives of "Aymara" origin in which 
t02 max was assesed directly. He stated that the reduction of 
V02 max with age was not so prominent. and individual variation 
was smaller. compared to low altitude populations. Di Prampero 
and Cerretelli (1969). have summarized data :from various ethnic 
groups. They showed that the decline of 102 IIBX with age is more 
pronounced in Caucasians than in some A:frican communities. These 
workers have also pointed out that the t02 max per kg FFl1 of the 
A:fricans was not significantly different :from most Caucasian 
populations. This is likely to be due to the smaller increase in 
FM content of the body with ageing in the African communities. 
In spite of the trend of V02 IIBX to decline 
with age. it has to be considered that. for subjects of comparable 
• 
age. there might be large differences in V02 IIBX. This means that 
older individuals can attain. in many cases. higher t02 max than 
some younger subjects. 
1.3.2.2. Physical activity and training. 
It is well known that physical activity can 
increase 102 max. Cross sectional studies of active and sedentary 
subjects show thatt02 max is higher in the more aotive populations. 
This has been shown among others by Sen Gupta. Malhotra. Ramaswamy 
and, Dua (1966) in Indian military personnel. In general. it is 
• 
aooepted that physioal training might improve V02 malt by 10 to 20 ",. 
However. this represents an average figure. For example. Hiokson. 
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Bomze and Holloszy (1977) have reported an average increase of 
44 '1> ";02 rrw/in a sample of eight subjects who exercised 40 
m1m1tes per day, six days a week for ten weeks. As pointed out by 
Ekblom (1969), it seems that the improvement of t02 uax with 
training is not only dependent on the type of exercise and 
training intensity, but also on the level of fitness at the 
beginning of a training programme. Saltin, Blom<;j.vist, Johnson, 
Wildenthal and Chapman (1968) have shown that t02 malt in 
sedentary subjects, who in addition spent 20 days at bed rest, 
might improve up to 100 '1> with training. 
In countries where heavy industrial work is 
still a major activity, ";02 malt can be used as criterion for 
selection of workers. However, the improvement of physical fitness 
with training should be taken into consideration because with an 
adequate training progra.rrane, untrained people might improve their 
";02 malt. Considering that in some Chilean industries there has 
been interest in selecting personnel for heavy work, based on the 
measurement of 'V02 only, a research programme is being conducted 
to analyse the effects of light training on ";02 malt. Preliminary 
results reported by Apud and Chiang (1980) showed that sedentary 
-
males, who trained for forty minutes, four times a week during 
• five weeks, increased their V02 malt, on average 16 "p. Very similar 
increases were found by Chiang. Fernandez and Apud (1981) in a group 
of sedentary secretaries who participated in a training programme 
of. the same characteristics as outlined 
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1.3.2.3. Body size am body composition. 
V02 max has been demonstrated to be related to 
body size and composition. ~stran:i (1952) foum that body weight 
was highly correlated with V02 max in subjects aged from 4 to 33 
years (r=0.98). In most comparative studies reported in the literature • 
• V02 max is expressed as per kg body weight. According to Lange 
Andersen et al. (1968). "this penalizes the obese. but might be a 
fair penalty sinoe most forms of activity are weight dependent ". 
It should be added that people with low body weight. due to the effeot 
• 
of poor nutrition. could appear to have a high V02 max which might 
not be a reflection of their real capacity for dynamic work. 
Buskirk am Taylor (1957) have found. that the 
coeffioient of variation is reduced when expressingV02 max on the 
basis of body weight (from 13.4 % to 12.3 %). but the reduotion is 
even more dramatic when 102 max is expressed by kg FFM (C of V = 6.8% ). 
Luft. Cardus. Lim. Amerson am Howarth (1963). Cotes. Davies. Edholm. 
Healy am Tanner (1969) am Parizkova (1977) have also reported a 
• 
olose association between V02 max am FFM. 
Jones am Pearson (1969) developed an anthropometric 
method for the estimation of lean leg volume (LDJ') am Jones (1970) 
studied the relationship between LDJ' and V02 measured at maximal and 
submaximal work. He fourrl that there was a close relationship between 
u..V am ';02 ma.x. Davies. Mbelwa. Crockford am Weiner (1.973) correlated 
• 
V02 max. measured on a cyole ergometer. with various indices of body 
composition in African am European male am female. These workers 
found that the differences in V02 malt between the two ethnic groups 
reflected, in part, their differences in stature and physique. These 
were reduced,but not eliminated, by sta.rdardising V02 max. for either 
body weight or WM. Davies et al. (lm) also calculated the L'I1I of 
the subjects according to the procedure developed by Jones and 
Pearson (1969) and found that the !LV accounted for the differences 
between the two sexes and ethnic origin. The coefficicient of 
• 
correlation for the relationship between V02 malt and !LV for the 
sample including African and European male and female was r = 0.90. 
These workers concluded that the function of the oxygen transport 
system is closely associated with the structure of the working muscles 
Which during cycling are essentially those of the legs. 
1.3.3. The present knowledge of the relationship between V02 malt and 
age, body size and body composition of Chilean workers. 
Apud (1978) analysed the data of 229 Chilean 
workers classified according to occupation and age. The V02 malt was 
estimated from the Kstrand and Ryhming (1954) nomogram and body 
composition from the equations of Durn1n and Womersley (1974). The 
sample included 89 forestry workers, who carried out heavy manual 
labour, 92 foundry workers whose activities varied from light to heavy 
and 48 academics and students not involved in systeuatic physical work. 
Forestry and foundry workers were divided in three age groups, 20 to 
29 years, 30 to 39 years am. over 40. The academics and students were 
only in the first two age groups. The following is a summary of the 
most important fim.ings: 
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i) For eight groups of subjects, analysed 
separately according to occupations and age, 
there was a significant relationship between 
~02 ID!I.X and WM. 
11) For the forestry workers, body weight correlated 
with '0'02 ID!I.X almost as well as FFM. The same was 
fCl1.mi for the students and academics. 
i11) In any of the three groups of foux:dry workers, 
• 
except in the older group, v02 DIlX was , 
s1gn1ficantly correlated with body weight. 
iv) Considering the total number of subjects within 
the same age group, irrespective of activity, 
there was a significant relationship between 
FFM and v02 ID!I.X for the three age groups. 
v) For body weight, this latter relationship was 
only significant for the subjects aged 20 to 
29 years. 
Vi) Stature was not significantly correlated with 
• 
V02 for any of the three age groups. 
vU) The regression lines for the parameters 
evaluated (iniepenient of their statistical 
s1gn1ficance) showed a cOlllDon trend; for an 
equivalent stature, body weight or FFM, the 
• 
V02 max was higher for the forestry workers, 
always followed by the foux:dry workers ani by 
the students and academics. 
Viii) This treni was clearly illustrated when v02 ID!I.X 
was regressed on FFM; the regreSSion lines were 
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parallel but with different intercepts as shown 
by covar1ance analysis. 
The main conclusion that can be drawn from this 
s\lllllllU'y is that for the groups evaluated, FFM showed a better 
• 
association with V02 trJaX than either body weight or stature. which 
is very much in agreement with the results reported by Buskirk and 
Taylor (1957). IAlf't et al. (1963). Cotes et al. (1969) and. 
Parizkova (1972). 
The results for the relationship between body 
. 
weight ani V02 trJaX were more difficult to 1nterpret. It seemed that 
the lower the body weight of a group, the better the correlation of 
this parameter with V02 max. In the forestry workers there was no 
• 
major difference in the relat10nship of V02 max with either body 
weight or FFM. On the other hand, in the foUIXiry workers, who were 
• 
heavier men, body weight correlated poorly with V02 max. However, 
it appeared that the variable factor of body fat is playing a major 
role in determining the differences; the higher body weight of foun:iry 
workers was not due to a higher FFM content, but to body fat. In 
~ffect, considering tha't V02 max is partly depenient on... the structure 
and f'unat1on of the working muscles, there is no reason to believe 
that the increase in body weight by the addition of fat should be 
related with higher V02 trJaX. It is more likely that if the FM content 
is low, body weight will be closer to the weight of FFM and this is 
o 
probably the reason why Astrand. (1952) fourn such a good correlat1on 
between body weight and V02 max. All the subjects in Rstrand.' s' s~ 
were well trained and their body weights appeared to be rather low 
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for their heights, i.e. the subjeots aged 16 to 18 years had an 
average weight of 64.1 kg, their heights being 176.9 cm. 
It has been pointed out that the position of the 
regression lines between V02 max and FFM differed for Chilean 
subJeots of different ocoupations. This 1ndioated that 1nd1viduals 
• 
engaged in heavy work oan aohieve higher V02 malt than those subjeots, 
of sim1lar FFM content, oarrying lighter work. Buskirk aDd Taylor 
(1957) and Lange Arxlersen and Hermanssen (1965) have reported 
s1m1lar results. Although these workers did not report regression 
equations, they shCMed that when plotting V02 max against FFM there 
was a olear division between the more aotive and the sedentary man. 
Lange Andersen (1966) has disoussed the faotors that might be 
oontributing to these differences. He pointed out that the amount 
of FFM whioh well trained and sedentary man can activate while 
exeroising is probably larger for the trained man. He also stated 
that " we are forced to acoept that eaoh unit of musole mass of the 
fit man is able to oonsume oxygen at a higher maximal rate than in 
sedentary subjeots ". Apud (1978) pointed out that frQm the results 
of his study the only oonclusion that oould be ~wn was that exercise 
exerts some effeot on the oxygen transport system which allows the 
• trained individuals to attain higher V02 max. At whioh level the 
adaptative that ohanges ooour is not yet well understood. Kstrand 
and Rodahl (1977) have pointed out that there are msny open questions 
with regard to the effect of physical activity on organs and organ 
funo~ions. Reference is made to these workers who have made a good 
summary of the present knowledge on the effeots of training on the 
locomotive organs, oirculation, respiration and organ fUnctions. 
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Parizkova (1977) has also discussed adaptative changes as a 
oonsequence of physioal aotivity. 
1.4. The aims of the studies in this ohapter. 
The principal aim of the studies presented in 
this chapter was to desoribe the anthropometry, body composition 
aIXl ~0.znax of this group of forestry workers. It was expected to 
provide basio information for the analysis of the applied studies 
whioh will be discussed in the next chapter. 
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2. Subjects am methods. 
2.1. Subjects. 
The subjects were 122 forestry workers, who 
were se1eoted ramomly from 3 enterprises. The activity groups were 
as follows: 
1) 28 axe workers debranching am piling in 
flat forests, final cut, paid by piece rate. 
11) 'Zl axe workers debranching am piling in 
flat ground. thinning work, paid by piece 
rate. 
ii1) 24 axe workers debranching in hilly forests, 
final cut, paid by piece rate. 
iv) 8 power saw operators, who cmned their 
machine. paid by piece rate. 
v) 14 power saw operators, machine owned. by 
the enterprise. paid by fixed rate. 
Vi) 18 firemen, who were also axe workers am 
power saw operators. 
v11) 3 planters specially contracted for an 
experimental study. 
The activities carried out by these workers 
will. be discussed in detail in next chapter. which is entirely devoted 
to the analysis 01' the field studies. 
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2.2. Methods. 
The measurement of the physical charaoteristics 
required to set up laboratories in five different plaoes olose to 
the working areas. Figm'e 1 is an illustration of one of these 
laboratories, where details of an exercise test oan be observed. 
F1gmoe 1 
Details of a field laboratory 
2.2.1. Anthropometrio measurements. 
The anthropometrio measurements were oarried 
out using standard 1Dstruments aDi procedures. Body weight was 
measured on a olinical beam soale ( Preoision Hispana, Madrid ) to 
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the nearest ±. 0.1 kg. with the subjects wearing 0Dl.y trunks. Stature 
an:i sitting height were taken with a Harpernen stad10meter an:i sitting 
height table respectively. bodT diameters with a HarpeDien digital 
anthropometer (Holtain. Cl7JllllYch. U.lC.) an:i circumferences with a 
flexible steel measuring tape. Sk1nfolds were measured with a 
Holta1Jl/Tanner. Whitehouse caliper (Holta1n. Cralllll3ch. U.lC.) which 
exerts a constant pressure of 8.55 x 104 N m-2 at all openings an:i 
can be read to the nearest 0.1 1IIIl. All the measurements were taken 
according to the definitions of We1ner an:i Lourie (1981). The ' 
exceptions will be identified when defining each measurement taken 
on the workers. Body diameters. sk1nfolds an:i circumferences were 
taken on the left hard side of the bodT. except for some which were 
taken on both Sides. The sites were located by measuring the distances 
from anatomical landmarks according to the follO\fing definitions. 
2.2.1.1. Stature. sitting height an:i bodT diameters. 
i) Stature. The subjects staDia with his heels firmly on the 
grouIXi an:i he is stretched to his full height by 
applying gentle traction under the base of the 
skull an:i angles of the man:iible. The head 18 
held so that the line from the external orbital 
marg1n is horizontal (Frankfort plane) 
ii) Sitting height. Measured with the subject's back stretched 
up straight. sitting on the table top with the feet 
hanging down unsupported over the edge; the back 
of the knees should be directly above the edge of 
the table. Extension of the spine should be 
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encouraged. Gentle llpIfard pressure is applied 
under the chin; the musoles of the back am 
buttocks should be relaxed. The head is held 
'in.the Frankf'oi't plane. The'movable"vertioal 
baokboard of the sitting height table is brought 
into contact with the subject's back am the 
head board lowered to rest firmly on top ot the 
head. 
11i) Wrist breadth. The breadth is taken across the styloid 
processes (oblique to the long axis of the arm). 
with pressure to compress the tissues. 
iv) Elbow breadth. Distance between the condyles of the humerus 
with the elbow flexed am the haMs supinated. 
v) Knee breadth. The subjects sits on a table with the knees 
bent to a right angle. am the width across the 
outermost parts of the lower end of the femur 
is measured. Pressure is exerted to compress 
the tissues. 
Vi) Ankle breadth. The subjects sits on a table. and the 
breadth of the ankle is taken across the 
malleoli. with pressure to oompress the tissues. 
The presence of oedema or tissue indentation 
• 
should be reoorded. 
v11) B1acrom1al diameter. To give maximum shoulder width the 
subject stlUds with shoulder relaxed but not 
slumping forward. Standing behind the subjeot. 
the measurer palpates the outside edge of the 
acromion process of the scapula which can be 
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felt as a ridge just above the shoulder joint. 
He then places the edge of one arm of the 
anthropometer along the lateral border of one 
acromion process and brings the other arm of 
the anthropometer inwards untl1 its edge rest on 
the lateral border of the opposite acrommion 
process. Pressure is applied to compress the 
overlying the tissues. 
viii) Bideltoid diameter. Distance between the outermost soft 
tissue protrusions of the shoulders (deltoid 
muscle) with the anthropometer making only slight 
contact with the skin (Wilmore and Behnke. 1969). 
ix) Transverse chest. The subjects stands and the measurement 
is taken at the end of a normal expiration. at 
the marked level of the union of the 3rd and 4th 
sternebrae. The anthropometer rest on the outer 
surfaces of the nearest rib on each side. in a 
horizontal plane. Light pressure is exerted. 
x) Bil1iocristal diameter. The subject stands with heels 
together and the anthropometer arms are brought 
into contact with the iliac crests at the place 
which gives the maximum diameter. Strong pressure 
is applied to the anthropometer blades to push 
aside any fat covering the "bone. This measurement 
should always be taken with the measurer standing 
behind the subject. 
xi) Bitrochanteric diameter. Distance between the most lateral 
projections of the greater trochanters. 
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2.2.1.2. Body circumferences. 
i) Upper arm circumference. The subject's arms hangs relaxed 
just away from the side. ani the circumference 
is taken horizontally half-way between the 
inferior border of the acromion process ani the 
tip of the olecranon process. 
11) Upper arm circumference. (oontracted) •.. Taken hOrizontally 
at·the·~~mum c~umference.over ~e_contraated 
biceps. with the elbow flexed. 
11i) Upper thigh Circumference. The subject stands with feet 
slightly apart ani the weight evenly distributed 
on both feet; the tape is placed round the thigh 
horizontally with its top edge just under the 
gluteal fold. 
Iv) Chest circumference. Measured at the marked union of the 
3rd ani 4th sternebrae. at right angles to the 
axis of the body. at the em of a normal 
expiration. 
v) Abdomen circumference. The subjects stanis erect with 
his abdomen relaxed. The tape is held bebiM 
the subject with one edge in the horizontal 
plane through the center of the umbilicus. The 
tape is then wrapped carefully around the 
subject's torso. using it as an aid in marking 
the horizontal planes on the sides ani back. 
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2.2.1.3. Skinfolds. 
i) Triceps. With the arms hanging vertcally and relaxed, 
mid way between the tip of the acromion and the 
lateral epicoMyle of the humerus and directly 
in lille with the olecranon process. 
11) Biceps. With the arms I.'8sting vertically and relaxed, over 
the belly of the muscle, at the same level as the 
triceps. 
i11) Subscapular. Under the inferior angle of the scapula, 
with the fold pointing slightly dOWIlW'ards and 
outwards. 
IV) Supralliac. Just above the iliac crest in the midaxillary 
line (Durnin and Womersley, 1974). 
v) Chin. Under the mandible.with the fold extem.ing from 
chin to neck. 
vi) Side. The lateral part of the thorax, midway between the 
axilla and the iliac crest in the midaxillary 
line. 
v11) Abdomen. The skinfold is picked up at the level of the 
umbilicus, 5 cm to the left of it. 
Viii) Lateral calf. At the level of the maxirm.un calf circumference 
in line with the lateral head of the fibula and 
the lateral malleolus. 
u) Medial calf. At the same level as the lateral calf in line 
with medial lateral condyle and the medial 
malleolus. 
x) Anter10r thigh. In the anter10r mid-line at one third 
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subisch1al. height. measured up from the 1011'er 
border of the femoral condyle. 
xi) Posterior thigh. In the posterior mid-line at the same 
level as the anterior thigh. 
2.2.2. Body composition. 
Body density was estimated from the technique 
of Durn1n and Womers1ey (1974). The equations for the sum of four 
skinfolds. namely biceps. triceps. subscapular and suprai11ac. are 
as fo1101fs: 
Age groups Equations 
(years) 
17 to 19 d m 1.1620 - 0.0630 X 
20 to 29 d = 1.1631 - 0.0632 X 
30 to 39 d = 1.1422 - 0.0544 X 
40 to 49 d = 1.1620 - o.CflOO X 
50 + d = 1.1715 - 0.Cfl44 X 
where: 
d = body density ( 103 kg m-3 ) 
X = logarithm of the sum of the biceps. triceps 
subscapular and supralliac skinfo1ds (mm) 
Skinfo1ds and body weight were measured as 
described and the calculated body density was converted to percentage 
body fat using Siri' s (1956) equation: 
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FM as tJ, body weight = - 4.5 x 100 
Body density 
The weight of FM and FFM were calculated as 
follows: 
kg FM = --"""'i!t kg body weight 
100 
kg FFM = kg body weight - kg FM 
2.2.3. The estimation of t02 max. 
t02 max was estimated from the technique of 
Maritz et al. (1961). The subjects exercised on a mecanically braked 
cycle ergometer (Body Guard. Norway). at three loads. so as to obtain 
• the V02 max from extrapolation to a predicted maximal cardiac 
frequency. 
The temperature of the rooms where the tests 
o -
were carried out was kept as nearly to 20 0 as was possible and 
never exceeded 22°0. To facilitate air movement an electric fan was 
used. The subjects were studied at least two hours post-prandia.l-
and they wore only a pair of shorts. As part of the preparation for 
the test. demonstration on how to carry out the exercise were given 
to every worker and any doubts were answered carefully to avoid 
anxiety problems. Prior to the test. the subjects undertook a 
variable period of light exercise. The loads chosen for this practice 
were 300 kiloponds meter per minute (kPm) (49 Watts) for the subjects 
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under 40 years of age am 150 kpm (24.5 Watts) for the workers aged. 
over 40 years. During the practice re was mOnitored. minute by minute 
using a telemetering system, the s1gna.l from the transmitter (Beckman 
350.006, mAl being received by a simple amplifier ( Acoms personal 
stereo, Japan). These values ot re were used as an approximate 
iniication for the selection of the subsequent loads. After the 
explanatiOns, the subjects rested until cardiac frequency (re) 
returned to resting levels. As this did not always happened, it was 
decided not to carry out the measurements if the resting re was not 
equal or lower than 75 beats per minute, while sitting on the cycle 
ergometer. Accordingly, the test was completed in 116 out the 122 
workers selected for this study. 
Each load on the cycle ergometer lasted seven 
minutes. The re was counted in the last 30 seconis of each minute. 
A difference of less than 6 beats min-l defined the criterion for 
steady state of the cardiovascular response. ~02 was measured in the 
last two minutes of each exercise by means of the open circuit 
procedure. The subjects breathed through high velocIty valves 
(Hans Rudolph) am the expired air was cOllected in suspenied Douglas 
bags. A sample of the expired air was collected in mercury tonometers 
am the volume measured in a dry gas meter (Singer, mAl. The gas 
analysis was carried out using a Scholander instrument. If the 
difference between two analysis was found to be more than 0.03 ~ CO2 
am 0.06 '" O2, a third analysis was carried out for confirmation. The 
result~ for the ~02 were expressed in 1 min-l , under stanisrd coniItIons 
(STPD) • 
The regression equation for the relationship 
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between v02 (1') and steady state re (x) was calculated tor each 
subject. It the coefficient of correlation between v02 aDd tc was 
lower than 0.98, the complete test was repeated on a d1t1'erent ~. 
The calculated regression equation was used to estimate the V02 
max. The maximal cardiac frequency was derived from a fornula from 
o 
Astrand (1960), which Donoso, Godoy, Qu1ntana and Sohuler (1978) 
found valid for the estimation of' this variable 10 the Chilean 
population. The f'ormula is as follows: 
Maximal cardiac frequenoy a 220 - age 10 years 
• 
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3. Results. 
In table 7 are shown the mean values and. 
standard dev;!ation tor each ot the anthropometrio measurements 
taken ot these workers. 
The subJeots were also olassitied in tour 
age groups. The mean values and. standard deviations tor age. body 
weight and. stature tor each group are shown in table 8. while 
table 9 shows the same results for body density. percentage fat 
mass and. weight of fat tree mass. The mean values and. standard 
-1 deviations for maximal oxygen uptake expressed in 1 min • 
-1 -1 -1-1 
m1 m1n kg and. ml m1n kg. FFM are shown in table 10. 
As in the next chapter each aotivity wU1 
be analysed separately. the physioal ohsrsoteristics were also 
classified acoording to each specifio aotivity. Tables 1la. 12a 
and. l,3a show these results. while tables 1lb. 12b and. 13b include 
the statistioa1 analysis (t values) for the oomparison of each 
aotivity group. 
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Table 7 
Physical characteristics of 122 Chilean forestry workers 
-Variables Unit Mean S.D. 
Age a 32.9 9.8 
Body weight kg 64.4 9.3 
Stature cm 165.3 6.7 
CIRCIJMFEl!EN:ES 
Biceps relaxed cm Zl·5 2.7 
Biceps contracted cm 30.2 2.7 
Th1gh cm. 50.2 3.6 
Calf cm 34.8 2.5 
Thorax cm 89.9 6.8 
Abdomen cm 84.2 8.5 
SltINFOID'l 
Biceps mm 3.1 1.0 
Triceps mm 6.7 3.0 
Subscapular mm 9.7 4.3 
Supra111ao mm ll.l 6.9 
UBier chin mm 5.6 2.2 
Side mm 7.7 4.3 
Abdominal. mm ll.9 7·3 
Lateral calf mm 6.0 2.0 
Medial calf mm 7·7 2.9 
Anterior thigh mm 7.3 3.3 
Posterior thigh mm 12.6 6.3 
DIAME'mRS 
Wrist right side cm 5.8 0.3 
Wrist left side cm 5.8 0.3 
Elbow right side cm 7.0 0.4 
Elboe left side cm 6.9 0.4 
Knee right side cm 9·3 0.5 
Knee left side cm 9.2 0·5 
Ankle right side cm 7.2 0.4 
Ankle left side cm 7.2 0.4 
B1acrom1a1 cm 37.7 2.1 
Bideltoid cm 44.4 3.4 
Thorax cm 28.7 1.9 
Bil11ac cm 28.4 2.0 
Bitrochanteric cm 31.1 1.6 
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Table 8 
Mean values and standard deviations for age, body weight and stature of Chilean torestl7 workers 
classified by age groups. 
Age groups 
a 
17 - 29 
30 - 39 
40 - 50 
17 - 50 
n 
51 
40 
31 
122 
Mean 
23.7 
34.4 
44.4 
32.9 
Age 
a 
S.D. 
3.4 
2.8 
3·1 
9·8 
Body weight 
kg 
Mean S.D. 
61.7* 8.3 
66.3 8.6 
67.6 9.6 
64.4 9.3 
* S1gn1f1cant~ different from the other age groups; t test p < 0.05 
Stature 
c:m 
Mean S.D. 
165.0 7.0 
165.7 6.7 
165.9 6.6 
165.3 6.7 
Table 9 
Mean values and staniard deviations for body density, fat mass as percentage of body we:lght ani fat 
tree mass of Ch1l.ean forestry workers olass1fied by l18e groups. 
Age groups n Body density Fat mass Fat free mass 
103 kg m-3 1> Body we:lght kg 
Mean 5.0. Mean 5.0. Mean 5.0. 
0\ 
VI 
17 - 29 51 1.0741 O.Oll ll.()It 4.5 54.6 5·7 
30 - 39 40 1.0614 0.010. 16.4 4.5 55.2 5.7 
40 - 50 31 1.0585 0.012 17.7 5.4 55.3 5.6 
17 - 50 122 1.0660 0.013 14.4 5.8 54.7 5.7 
* S1gn1tioantly d11'ferent from the other 1188 groups; t test, P < 0.05 
Table 10 
Mean values ani stan::lard deviations for estimated nax1mal axygen uptake ot Chilean forestry 
workers olassified by age groups. 
Age groups n 
ml m1n -1 kg FFM-l 
Mean S.D. Mean S.D. Mean S.D. 
17 - 29 50 3.12 0.54 50.1* 7.7 56.1 7.7 
30 - 39 39 3.10 0.58 47.3 9.7 56.3 10.7 
40 - 49 27 2.91 0.56 43.3 7.7 52.9 9.3 
17 - 50 116 3.08 0.57 47.4 8.9 55.2 9.4 
* Signifioantly different from the older age group, t test, p (0.05 
Table J.la 
Mean values ani stanilard deviations far age, body weight ani stature or Chilean f'ares1;r:y warkers 
classified by activity groups. 
Activity groups+ n Age Body weight Stature 
a 
Mean S.D. 
1 28 34.1 9.7 
2 27 30.8 12.2 
3 24 37.0 9.4 
4 8 36.6 6.6 
5 14 33.1 5.7 
6 18 28.0 8.7 
7 3 27.3 4.1 
+ Group 1 • Axe warkers, final cut, flat ground 
Group 2 ca Axe warkers, th1nn1ng, flat groun1 
Group 3 - Axe warkers, final cut, h1~ farests 
kg 
Mean S.D. Mean 
65.6 6.9 167.7 
63.0 10.8 165.0 
63.1 9.5 165.8 
74.5 7.6 168.1 
65.2 8.6 162.6 
62.2 9.1 162.2 
59.4 7.3 166.0 
Group 4 - Power saw operators, paid by pieoe. rate, tools owned by the warkers 
Group 5 - Power saw cperstors, paid by f:lxed rate, tools owned by the enterprises 
Group 6 - Firemen 
Group 7 - Planters 
cm 
S.D. 
4.8 
6.3 
8.4 
4.9 
4.8 
7.7 
11.1 
Table llb 
Statistical analysis (t values) far compar1eon of age. body weight eM 
stature of different groups of Chilean farestrT workers. 
Age 
+ Activity groups 1 2 3 4 
1 
2 1.13 
3 1.07 2.05 
4 0.8,3 1.76 0.12 
5 0.45 0.82 1.60 1.23 
6 2.2}* 0.89 3.21* 2.Tl* 
7 2.24 1.02 3.14* 2.Tl* 
Body weight 
1 
2 1.07 
3 1.06 0.05 
4 2.99* 3.41* 3.50* 
5 0.16 0.71 0.68 2.65* 
6 1.3,3 0.34 0.30 3.58* 
7 1.40 0.75 0.80 3.10* 
Stature 
1 
2 1·79 
3 0.98 0.39 
4 P.20 1.47 o.~ 
5 3.27 1.37 1.51 2.57 
6 2.75 1.31 1.47 2.38 
7 0.25 0.18 0.05 0.30 
+ Group 1 .. Axe workers. final. cut. rat grOUDi 
Group 2 .. Axe workers. thinning. flat grow:d 
Group 3 .. Axe workers. final. cut. hUly forests 
5 
1·99 
2.02 
0.93 
1.19 
0.19 
0.55 
6 
0.02 
0.09 
0.61 
Group 4 .. POIIfer saw operators. paid by piece rate. tools owned by the 
workers. 
Group 5 .. POIIfer saw operators. paid by f:lxed rate. tools owned by the 
enterprises 
Group 6 .. Firemen 
Group 1 .. Planters 
* S1gn1ticantly different. p( 0.05 
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Table 128 
Mean values and standard deviations for boc'ly density. tat Dl!lSS as percentase ot boc'ly weight and fat 
free mass of Chllean forestry workers olassified by activity groups 
+ Boc'Iy density Fat f:ree Dl!lSS Activity groups n Fat IIBSS 
10' kg m-3 
'" Boc'Iy weight kg 
Mean S.D. Mean S.D. Mean S.D. 
1 28 1.067 0.012 14.1 5.2 56.1 3.9 
2 27 1.cm 0.00 12.7 5.8 54.5 6.4 
3 24 1.065 0.012 14.8 5.4 53.5 6.2 
4 8 1.057 0.015 18.6 6.3 60.4 4.3 
5 14 1.061 0.010 16.6 4.2 511.1 5.0 
6 18 1.068 0.018 0.4 7.7 53.4 6.0 
7 3 1.068 0.010 0.6 4.6 51.6 8.0 
+ Group 1 - Axe workers. tinal out. flat grcmd 
Group 2 • Axe workers. th1nn1ng. flat grourr:i 
Group 3 - Axe workers. final cut. hilly forests 
Group 4 - Pawer saw operators. paid by piece rate. tools awned by the workers 
Group 5 .. Pawer saw operators. paid by fixed rate. 
Group 6 - Fireman 
tools 0Imed by the enterpr1aes 
Group 7 - Planters 
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Table 12b 
Statistioal ~1a (t values) far oomparison of body density. fat 
mass as percentage of body we:lsht and fat tree mass of different 
groups of forestry workers. 
Body density 
Aotlvity groups 1 2 3 4 5 6 
1 
2 0.99 
3 0.42 1.33 
4 1.75 2.30* 1.47 
5 1.68 2.51* 1.20 0.71 
6 0.35 0.35 0.37 1.74 1.52 
7 0.15 0.36 0.37 1.37 1.03 0.09 
Percent fat mass 
1 
2 0.95 
3 0.43 1.30 
4 1.83 2.34 1.54 
5 1.68 2.47* 1.19 0.77 
6 0.26 0.41 0.55 1.73 1.43 
7 0.16 0.33 0.38 1.42 1.03 0.02 
Fat tree mass 
1 
2 1.11 
3 1.74 0.54 
4 2.5a. 3.04* 3.49* 
5 1.30 0.22 0.30 3.13* 
6 1.69 0.58 0.07 3.40* 0.35 
7 0.96 0.61 0.41 3.80* 0.52 0.38 
+ Group 1 a Axe workers. final. out. flat gromxl 
Group 2 a Axe workers. thinning. flat grouni 
Group 3 - Axe warkers. final out. hilly forests 
Group 4 = Power saw operators. paid by pieoe rate. tools owned by 
the workers 
Group 5 = Power saw operator. paid by fixed rate. tools owned by 
the enterprise 
Group 6 .. Firemen 
Group 7 .. Planters 
* Signifioantly different. p < 0.05 
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Table 13 a 
Mean values and staIxlard deviations fw the estimated maximal oxygen uptake of Chilean fwestI7 
workers classified by activity groups. 
+ Activity groups n 
Mean S.D. 
1 28 3.01 0.55 
2 26 2.99 0.58 
3 22 2.90 0.64 
4 8 2.96 0.58 
5 12 3.16 0.56 
6 17 3.13 0.54 
7 3 3.20 0.38 
+ Group 1 .. Axe workers, final out, t'lat groun1 
Group 2 - Axe workers, thinning, flat grounl 
Group 3 - Axe workers, final out hilly fwests 
Group 4 - POIfer saw operatwe, paid by piece rate, 
Group 5 .. POIfer saw operators, paid by fixed rate, 
Group 6 = Fireman 
Group 7 .. Planters 
Ma.ld.maJ. oxygen uptake 
ml min-1 kg-1 
Mean S.D. 
46.6 9.7 
47.6 8.0 
45.6 9.7 
41.1 10.8 
48.6 8.7 
51.3 6.0 
54.3 2.1 
Mean 
52.8 
54.7 
53.3 
50.0 
58.5 
58.8 
62.9 
tool:! owned by the workers 
toola owned by the enterprises 
S.D. 
9.9 
8.6 
9.9 
10.5 
9.9 
7.4 
5.5 
----- ----------------------------------------------------------------------------------------------
Table l.3a 
Statistical analysis (t values) tC11.' comparison 01' maximal oxygen 
uptake 01' ci1f':f'erent groups of Chilean i'C11.'estry workers. 
1 min-1 
Activity groups 1 2 3 4 5 6 
+ 
1 
2 0.l.3 
3 0.66 0.53 
4 0.21 0.l.3 0.24 
5 0.78 0.86 1.26 0.74 
6 0.71 0.80 1.2.} 0.67 
7 0.91. 0.98 1.31 O.er 
ml m1n-1 kg-l 
1 
2 0.42 
3 0.38 0.79 
4 1.23 1.49 0.98 
5 0.65 0.34 0.95 1.59 
6 2.00 1.71 2.28* 2.35 
7 3.53* 3.40* 3.68* 3.10* 
ml min -1 kg FFM-1 
1 
2 0.33 
3 0.18 0.50 
4 0.86 1.07 0.73 
5 1.40 1.18 1.48 1.75 
6 1.10 1.67 1.97 0.10 
7 2.47 2.30 2.52 2.54* 
Group 1 .. Axe workers. f1nal cut.flat grouni 
Group 2 .. Axe workers. tlrlnn1ng. flat grouni 
Group 3 .. Axe workers. t1nal cut. hilly forests 
0.13 
0.26 0.38 
0.96 
2.12 1.61 
1.06 1.13 
Group 4 .. Power saw operators. paid by piece rate, tools owned by 
the workers 
Group 5 .. Power saw operators. paid by fixed rate. tools owned by 
the enterprises 
Group 6 .. Firemen 
Group 7 .. Planters 
* S1gn1ticantly d1:fterent. p < 0.05 
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4. Discussion. 
4.1. Body size ani body composition. 
The characteristios of body Size ani body 
composition of the foresters in th1s study appear s1m1lar to the 
workers described by Apud (1978). although in some l18e groups sl1gbt 
differences were fotlDi. which were not statistically s1gn11'icant. 
For comparison. table 14 shows the mean values ani standard 
deviations for l18e. stature. body we1gbt. fat mass ani fat tree 
mass of both groups of forest labourers. For further analysis of 
the similarities ani differences of forestry workers with other 
groups of Chilean labourers reference is made to Apud. (1978). In the 
introduction to this chapter (PII8e 38) a SUlJlllarY of the most 
important aspects, of that research is also given. 
One important aspect which has not been previously 
discussed in Chilean forestry workers refers to the variations in body 
size ani body composition of sub-groups within the same occupation. 
If reference to tables lla. llb. 12a ani l2b is made. important 
d1tterences between some of the activity groups can be noticed. 
Although they are all considered to be forestry workers. being 
aquainted with these differences is most valuable. since the purpose 
of this study is to analyse speoifio aotivities. For example. the 
power Slllf operators. who owned their machines. represent a hi.gber 
socio..eoonomio level within these workers. As it can be seen in 
table lla. their average body we1gbt was 74.5 kg; the olosest of all 
other sub-groups we1gbed 65.6 kg. Although these power saw operators 
Table 14 
Comparison of age, stature, body weight, fat mass am fat free mass of two diff'erent groups of Chilean 
forestry -~kers. 
Reference n Age groups Age Stature Body weight Fat free mass Fat mass 
a m kg kg kg 
• Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 
58 20-29 24.4 :'-5 1.64 0.05 62.3 5.8 54.3 4.8 12.8 2.5 
38 30-39 34.4 3.0 1.64 0.05 
Apud(1978) 64.8 7.5 52.8 4.9 18.3 2.9 
:5 40-49 44.3 3.5 1.62 0.05 63.4 6.4 51.7 4.1 18.3 4.0 
~ 
-I'" 11 50 + 57.4 4.8 1.64 0.05 63.3 6.2 52.0 5.0 11.8 2.9 
130 Total group 33.6 11.9 1.64 0.05 63.3 9.6 53.2 8.8 15.8 5.0 
51 17-29 :5.7 3.4 1.65 0.r:J7 61.7 8.3 54.6 5.7 11.0 4.5 
40 30-39 34.4 2.8 1.66 0.r:J7 66.3 8.6 55.2 5.7 16.4 4.5 
Present study 
31 40-50 44.4 3.1 1.66 0.r:J7 67.6 9.6 55.3 5.6 17.7 5.4 
122 Total group 32.9 9.8 1.65 0.r:J7 64.4 9.3 54.7 5.7 14.4 5.8 
No s1gn1:f'1cant differences were fotmi for art¥ of the variables between groups of comparable ase,t test p (0.05 
had a higher fat mass content than the other workers, their FFM was 
also higher. In every other group of Chilean labourers the smaJ.l 
variation in the average FFM is relDlll'kable; up to naw the only group 
shawing a s1gn1f'icant d1f'ference is the power SIUf operator. Therefore, 
when analysing the characteristics of workers there shou1d be a clear 
definition of the purpose of the study. If' the main goal, is to 
analyse, for example, the anthropological d1f'ferences bebreen two 
populations, the larger the number of subjects the more likeJ.;r is 
the improvement in accuracy, Davies, Barnes, Fox, Oj1kutu and 
Samueloff (1972). Hawever, in applied work physiology, a detailed 
knawledge of the physical characteristics of the subjects in each 
activity is more important. In order to avoid any m1s1nterpretation, 
a further explanation is given. In many cases, according to the 
goals of a particular research, the design of the study demands to 
work with a limited number of subjects. For example, in this work, 
the planting study which will be discussed in next chapter, was 
planned to be carried out with only 3 subjects. The definition of 
their physical characteristics was :t'uniamental to understand certain 
aspects of this activity. Hawever, it wou1d be impossible to extrapolate 
the characteristics of these 3 workers to the whole population of 
planters. This might appear naive to discuss but, unfortunately, 
reviewing various ergonomic reports conclusions for whole populations 
are sometimes drlUfn fi'om only a few subjects. 
4.2. The maximal oxygen uptake. 
The results for the estimated ~02 ma.x merit special 
comments. As an example, table 15 includes the average -:~ max of the 
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Table 15 
V02 max of forest workers from dUferent oountries. 
Coun1:.17 n _ --Age Body , :stature V02 IIIIX (reference) Weight 1 m1n-1 ml m1n-1 kg-1 a kg m 
Venezuela 86 60 1.65 3.0 50 (MUeller-Dars, 1971) 
ID11a 58 31 48 1.61 2.2 (Hansson et al.,l966) 
Greece "3 60 1.62 2.6 44 
(V1k, 1973) 
Norway 35 72 1.75 3.3 45 
(V1k, 1973) 
Norway 14 43 65 1.72 3.1 48 (Hansson et al.,l966) 
Sweden 50 1.74 3.5 49 (Hansson et al.,l966) 
Norway 76 -30 74 3.5 47 (Samset,1969) 30-40 72 3~3 46 
40-50 71 3.2 45 
+50 68 2.8 41 
The Netherlands 31 50-55 72 1.71 2.8 39 
(van Loon, 1976) 34 55-60 74 1.72 2.6 35 
38 60-65 76 1.70 2.5 33 
Surinam 16 24 58 1.65 2.4 42 (Staudt, 1978) 
Chile 41 17-29 62 1.64 3.5 55 (Apud,1978) 24 30-39 65 1.64 3.2 50 
16 40-49 63 1.62 2.7 43 
8 50-62 63 1.64 2.5 40 
89 17-62 64 1.64 3.2 50 
Chile 50 17-29 62 1.65 3.1 50 (present study) 39 30-39 66 1.66 3.1 47 
27 40-50 68 1.66 2.9 43 
116 17-50 64 1.65 3.1 48 
Mod1f'ied f'rom: Staudt, F.J. (1975), Hlys1cal working capacity in a tropical 
coun1:.17. De Surinaase Landbow, 1, 19-25 
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workers who participated in th1s research. the data of the labourers 
• studied in 1978 as well as the average V02 1l8lt. of foresters from 
various countries. The data were taken from reviews carried out by 
Staudt (1975) and Staudt. de Neef and Sch1pperheyn (1978). In general 
• terms. the trend for V02 malt to be higher in forestry workers. as 
compared with other Chilean labourers studied by Apud (1978). was 
confirmed 1n this study. However. the comparison of the 
forestry workers studied in 1978 and those 1n the present study needs 
to be analysed in more deta1l. For the two total groups of workers. 
the statistical analysis showed no differences. In fact. as it can 
be seen 1n table 15. the workers 1n this study had a V02 max only 
0.11 m1n-l lower or 2 ml m1n kg-l. The latter can be explained by 
the slightly lower body weight of these labourers (table 14). 
HaweveI'. if the age groups are analysed separately. the workers 
20 to 29 years of age studied 1n 1978 have a s1gn1f'1cantly higheI' 
V02 malt (t test. p(0.05). For the otheI' two age groups no s1gn1f'1cant 
d1fierences were found and for the workers aged 40 to 49. the V02 
malt per k1logram body weight was identical. It is d1fficult to 
explain the d1fferences between the two younger groups ot forestry 
wOI'kers and the first aspect to discuss is whether the methods employed 
allow such a comparison. It has to be remembered that most population 
studies are carried out using :lni1rect methods and it is well known 
o 
that these techniques have 10 to 20 ~ erI'Or. Astrand and Rodahl (1977). 
The two groups of Chilean toresteI's being compared 
exercised 1n two d1ffeI'ent ways; the workeI's studied in 1978 
exeI'C1sed on a treadm1ll and the labourers in the present study on a 
cycle ergometer. However. Shephard (1971) pointed out that "theoretically 
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any device that enable a subject to perform suitably graded intensities 
of exercise could be used in sUbmax1mal testing n. This investigator 
- _. 
presented data for V02 max estimated from the Rstram and Rybming 
• 
nomogram when V02 and fC were measured using three forms of 
exercise: oyoling, stepping and uphill treadmill running. He founi 
• that the soatter of V02 max about the directly measured value was 
Similer for all three forms of exercise. In Chile, studies carried 
out by Apud, Donoso, Herts, IAmdgren, Oyanguren and Sanudo (1972) 
agreed with the results reported by Shephard (1971). In the Chilean 
study the sUbjeots were divided into two groups according to their 
experience in cycling. They performed 3 steps of increasing loads on 
a oycle ergometer at 50 r.p.m. For comparison, they walked at three 
different speeds on a flat surface. It was founi that the slopes 
of the regression lines between fC and 102 were the same whilst 
oycling or walking for both experienced and unexperienced subjects. 
In the present study, apart from having used a 
different mode 01' exercise, an attempt was made to improve the accuracy 
• 
of the prediction of V02 max, employing the technique of Maritz et al. 
o (1961) instead of the Astrand and Ryhming (1954) nomogram, which was 
used for screening V02 max in 1978. Although both studies are based 
on the linear relationship between V02 and fC from low metabolic 
rates up to nearly the max1mum attainable rate, the nomogram of 
o 
Astrand and Ryhming (1954) allows .the predicUon of 102 max from a 
single load while with. the ~chnique. of Maritz et al •. (1961) three 
or f~ loads are used. From a theoretical point of view, it might 
appear, that the error should be lower when using three loads rather 
than a single one. However, Shephard et al. (19/58) founi small 
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d1f'f'erences in the prediction of 1°2 IIBX from one. two ar four loads. 
In Chilean subjects. Apud et al. (1972) am Apud (1978) have reported 
good agreement between the procedures of Maritz et al (1961) am 
o 
Astram am Ryhming (1954). 
The aspects discussed can be taken as an 1nlication 
that the d1f'f'erences encountered between the two groups of foresters 
aged 20 to 29 years. are unlikely to be due to the different exercise 
procedures. Furthermore. having used in both studies statldard 
techniques UDier caref'ul technical control, there is no reason to 
believe that the workers aged 20 to 29 years could be more affected 
by the methods than the labourers in the other age groups. Therefore. 
it is more likely that this could be explained by biological variation 
since these warkers were all axe workers am power saw operators, 
both lived in the same part of the country. their socio-economic 
status was similar and. they belong to the same ethnic group. 
On many ocassions-it has been stated that more 
• knowledge is required concerning V02 IIBX of different populations 
of warkers. However, the scientific literature on this specific 
topic is considerable, Shephard (1978). Unfortunately, despite all 
the efforts of the IBP/HA to sta1Xlardize methods, many reparts, 
instead of throwing light on the uDierstaming of the problem, are 
increasing the confusion. The '0'02 max of forestry warkers is one 
of the most controversial areas for discussion am these f1nlings 
dis~e with the interpretation given by several authors about data 
in the current literature. Staudt (1975) stated that " In view of 
the differences in anthropometric am physiological data between 
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populat1ons of developing ani some Western European countries. 
Western Etn"opean standards cannot be applied to other PQIW,ations 
ani research has to be repeated for eveI'1 group of workers ". It 
is agreed that more research is needed ani oerta1nl.y each countI7 
should set their own ergonomio standards. HOIfever. the present 
knOlfledge, does not allOlf the oonclusion that the Vo2 max of forestI'1 
workers from developing oountr1es is loWer than that of their 
, colleagues from 1n:iustr1al1zed societies. The follOlfing discussion 
is based on the data presented in table 15 which. acoord1ng to the 
l1terattn"e review, seems to be the ctn"rent knOlfledge regarding the 
~02 max of forestI'1 workers. 
The first question arising from table 15 is to 
what extent a olear cut difference oan be made between levels of 
development ani underdevelopment. It is veI'1 likely that the 
prevailing ccmi1t1ons in tbl countries represented in table 15 
allOlf a much more distinctive classification. Nevertheless. the 
second consideration is the number of subjects in each study. As it 
can be seen there are two studies based on three subjects. Davies. 
Barnes, Fox. 0J1kutu and Samueloff (1972) pointed out that 11 to 
• demonstrate a 5 ", difference in V02 max between two populations means, 
one needs to study at least 100 subjects in each group If. Would it 
be possible to state then that the Greek foresters have a 10lfer 
• V02 than the Norwegians ? 
From table 15 it is possible to observe that the 
two groups with the 10lfest V02 max are the Indians studied by 
Hansson (1966) and the workers from Surinam reported by Staudt (1975). 
So 
In both studies the measurements were obtained outdoors. Staudt 
et al. (1978). uaking reference to the studies carried out in 
Sur1nam. pointed out: n the tests were carried out in the shade. 
there was little or no wini. Temperature ani relative humidity 
during the tests varied respectively from 29-33°e ani 61-74 '" n. 
Hansson et al. (1966) • in their excellent report on energy 
expemiture in Ind1an logging operations. did not mentioned the 
environmental comitions un:ler which V02 max was estimated. 
HCMever. they pointed out that energy expeIJ3.1ture in the field 
was measured at temperatures between 20 ani 28°e. As the tests far 
the estimation of ~02 max were carried out in the same work place. 
it is possible to assume that the environmental coIJ3.1tions were 
within the same range. As these studies are often quoted as examples 
to shOil the low work capacity of forestry workers from developing 
countries. they need to be looked at in more detail. 
V02 max in the studies of Hansson et al.(l966) 
ani Staudt (1975) was 1IJ3.irectly estimated from tests based on the 
relationship between ";02 ani re. Miller ani Martin (1975) studied 
. ° ° the effect of ambient temperatures between 2l e ani 35 e on the 
responses of progreSSive submaximal exercise. They found that re 
at staooard oxygen uptake increased 1.4 '" with each degree rise 
in dry bulb temperature.ani proposed a factor to correct re to a 
stamard temperature of 2loe. As a practical example. calculations 
are given for hypothetical subject working on a cycle ergometer at 
° -1 600, kpm per minute at 30. 25 ani 2l e. If' re reaches 140 beats m1n 
at 300e. the correspoming values will be 132 ani 124 beats min-l 
for the same activity carried out at 250e and 2loe respectively. 
81 
If the re estimates are interpolated in the ~traD:i ani Ryhm1ng (1954) 
nomogram, the read1ngs will be 2.7, 3.1 ani 3.6 1 m1n-l respeotively. 
This 1D:lioates heM large the error oan be if the envd.ronmental 
temperature is not oarefully oontroled. Therefore, oare has to be 
taken when oomparing .2 populations. If the purpose is to analyse 
tm reduction of t02 max imposed by the climate, the aims of such study 
should be clearly specified ani details of the environment in which 
102 max was estimated given. HeMever, if the aim of a study is to 
compare the cardio-respiratory fitness of two PopUlations, the 
estimation of ~02 max should be carried out under stan:'Iard1zed 
laboratory oonditions. 
A further oritioal oonsideration in the 
comparison shCIIfD in table 15 is the variety of criteria use to Judge 
if ';02 max is s1m1lar or different. It seems that these concepts have 
been used according to no specific rules ani without any statistical 
evaluation. For example, :_in a report of the Forest Research Institute 
of Sweden (1961), a study carried out by an International group was 
described. The countries represented were Austria. Gertm.ny ani Sweden 
ani two workers from each oountry were evaluated. The report stated: 
11 No essential differences existed regarding physical working capaCity 
and body size between the national groups It. Apart from the fact that 
the "national groups" were represented by two workers, the average 
body weight of the Swedes was 70 kg ani the Germans 88.5 kg. The 
• 6 --1 -1 
estimated V02 max of the Swedes was found to be 5.3 ml-m1n kg 
4 -1-1 ani f~r the Germans 5.5 ml m1n _ kg _. HOW' amazing. If this 
disconcerting information were acoepted, then it will be a wa ste of 
time to analyse workers from different oountries shown in table 15, \ 
s1noe "no essent1a.l. d1f'terences" wUl .. ex1st between an;y of the groupsl 
It' the analysis of 102 IIII!I.X of workers is . carried 
out for work physiological purposes. there are still some fUrther 
considerations to be made s1noe. in some cases. small differences in 
cardio-respiratory fitness may not have any meaning when evaluating 
the physiological work load. For example if the average forester 
from Venezuela {Mleller-Dars.l97l) is compared with the average 
workezo from Norway (Hansson et al.. 19(6), from table 15 it can be 
observe that the Norwegians have an average Vo2 IIII!I.X 0.5 1 min-l 
higher. However. their body weight is 73 kg as compared to the 
Venezuelans who weighed 60 kg. Nowadays. it is well accepted that 
energy expen:iiture in dynamic work demanding body movement is 
closely related to body weight. Taking as reference the values given 
by Durn1n am Passmore (1967) for the relationship between energy 
expen:iiture am the speed of walking for subjects of different weight. 
theoreticals calculations were made for the average Venezuelan am 
Norwegian. assuming that both would have an adequate food intake to 
meet the energy requirements. It was foun:l. that if they walk at 
• -1 four miles per hour the V02 would be approximately 0.92 1 m1n am 
6 -1 1.1 1 m1n respectively. Expressing these values as pezocentage 
• V02 max. the correspon:iing figures will be 30 am 33 '" respectively. 
It follows. that the average Venezuelan workezo with a V02 IIIl.X 
-1 0.5 1 m1n lower than the NorwE!gian. when carrying out the same 
activity, have a lower cardio-respiratory load. It might be argued 
that this example is very approximate am that forestry work is not 
only that of walking. However. most of the activities carried out 
• in the forest require body movement and, furthermore, V02 IIIl.X is 
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is only indicative of cardio-respiratory fitness. If other factors 
are to be Judged it seems more reB:Bonable to use other indices of 
• work capacity. In some cases V02 ma:x: and work capacity are 
considered synonymous which is wrong and appears as an over 
estimation of the. real practical value of V02 max when judging 
heavy work. 
ConsequeIItly. at preseIIt there is n.o evidence 
showing that forestry workers from developing countries have lower 
t02 ma.x than their colleagues from industrialized societies. More 
research is needed before arriving at such a conclusion. The 
actusl state of knowledge lrnrites reflection on how this research 
must be conducted. If any conclusions are to be drawn about the 
similarity or difference between forestry workers 10 various 
couIItries. it has to be 10 the light of morphological. physiological. 
environmental and behavioral aspects of communities and this is not 
an easy task. The strict stamardization of methods. statistical 
selection of the samples and good analysis of the data are a need 
that have to be faced by means of an active International 
cooperation. Groups like the " International Union of Forestry 
Research Organizations" (IUFRO) or the more recently created 
committee for " Promotion of Ergonomics 10 the Tropics " (FEr). 
should play an important role towards meeting these aims. In the 
mean time there should not be any conf'usion what is population 
research and what is simple soreening of small groups. In this 
res~ct. the application of simple techniques can be a useful tool 
for the analysis of ergonomic problems. However. the indiscriminate 
extrapolation of these results 10 the analysis of ethnic or socio-
84 
economic aspects ot d1t'terent countJ:01es can lead to gross 
misjudgement 
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CHAPl'ER 'N 
1. Introduotion. 
1.1. Foreword. 
Peter Iewis (1980) in his book n Syria land 
of oontrasts a desoribes the archeologioal treasures of that 
oountry and points out: n How many man-hours of hard labour this 
represented. for their slaves ani prisoners one oan only shudder 
to imagine ". Several writers have made the same oomment ani. in 
fact. the oontribution of human physical work to the development 
of the present world has been enormous. The teolmologioal advances 
in the present oentury have oonsiderably reduoed hard labour and 
Murrell (1965) remarked that modern man spends so muoh of his time 
sitting or lying down, that it might be said that homo sapien has 
oeased to be an upright animal. However. regardless of the high 
industrial meohanization of the 20th oentury, in many plaoes on 
earth. Man has to struggle very hard to earn his daily subsistance 
and manual labour has been oarried out without any ohanges for 
several generations. Forestry work is preoisely one of these 
activities ani, at the present time, is considered to be the 
heaviest of all ocolZp8.tions, not only in developing oountries but 
also in many imustrial1zed nations. Karvonen (1982). discussing 
forestry work in the Nordio oountries, pointed out that although 
heavy physioal work is dissapearing from other industries and 
agriculture, the introduotion of machinery like the power saw. has 
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not d1m1n1shed the heaviness of forestry work. He remarked: 
n While mechanization has reduced the energy expernlture of the 
actual work, it has increased the IlUlIber of trees to be cut in 
a day. The power saw weighs more than an ordinary saw. The net 
effect is that man who saves his energy by using a pCMer saw 
sper¥is almost the same amount in walking in a difficult terrain, 
perhaps in thick SnCM, ani in carrying heavy equipment n. Although 
these comments JIBde by Karvonen (1962) are still valid, in the 
last 20 years new machinery has been developed which, certainly, 
has reduced manual. work in many countries. For example, since 
1970 in Sweden there is a machine which debranches a whole tree 
in about 30 secor¥is. In Chile, the same work is carried out by 
axe workers with a high energy demarn. 
In the first half of the present century 
there was a big interest in problems of manual forestry labour. 
Important contributions were JIBde by Tigerstedt, IAmdgren and 
Zotterman from Sweden, Arnersen from Norway ani 1'Cam1sky from 
• West Gel'lllBllY. More recently van Loon ani Staudt from The 
Netherlar¥is, Strehlke ani M..teller-Dars from West Gel'lllBllY ani 
Hansson ani Limholm from Sweden have applied work physiology 
knCMledge to the study of forest work in developing countries. 
Although this pioneering work has elucidated many unknown aspects 
of heavy labour,it has, at the same time, revealed that the 
ur¥ierstaniing of adaptation to work of different populations is 
still in its early stages. The variety of work methods, tools, 
climate, topography, etc., makes it difficult to establish standard 
criteria allCMing for the prevailing cornitions of work in different 
countries. 
1.2; The evaluation of heavy work. 
There are different systems far evaluating 
the heaviness of a work. One of the most well knOifll was proposed 
by Christensen (1953). This investigator developed a system far 
grading work from 11gtrt to umuly heavy. taking as parameters 
oxygen uptake (V02)' cardiac frequency (re) am body temperature. 
Chr1stensen's gradation was based on data obtained from the 
Swedish Steel Iroustry am is as follCMs: 
Classification of work ~02 Energy expenditure re 
1 min-l kcal min-l -beats min-l 
Light 0.5-1.0 2.5-5.0 75-100 
Moderate 1.0-1.5 5·0-7·5 lOO-l25 
Heavy 1.5-2.0 7.5-10.0 125-150 
Very heavy 2.0-2.5 10.0-12.5 150-175 
Unduly heavy Over 2.5 Over 12.5 Over 175 
Lange Andersen. Rutent'ranz. Masirone am 
Sel1ger (19'78). after a compilation of data from the l1terature. 
proposed a new system for grading the intensity of work in 
relation to sex am age. ~e limits of heavy work given by 
Lange Andersen et al. (1978) for males of different ages varied from 
8:4 kcal min -1. for subjects between 20 am 29 years. am 
-1 5.1 kca1 m1n for males over 60 years. The criteria to establish 
these l1mits was that any Job which demaDis more than 51 '" V02 max 
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should be considered heavy. 
Arr:r kini of work gradation applied for an 
average subject will ~ allow a verr rough estimation of the 
heaviness of the work. It has to be considered the wide variation 
• of V02 max values for inilvlduals of the same age and working in 
similar actlvltles. Therefore. a task which can be light for one 
worker might become unduly heavy for another. From this point of 
vlew. Chrlstensen warned. about the use of his own gradatlon: n The 
methods must never be applied in a rigld form. because in such a 
case the results might be entirely meaningless n. 
It ls well known that during steady state 
work. sufflclent oxygen 15 suppl1ed to the working muscles. Under 
these condltlons. lactlc ac1d does not exceed resting values. 
However. 1:f aeroblc metabollsm ls 1nsutflclent. anaeroblc glycol151s 
contr:lbutes to the energy requ1rements and lact1d ac1d 15 formed. 
According to r.tlArdle. Katch and Katch (1981). the onset of 
anaerobiosis normally occurs between 55 and 65 1> of V02 max in 
healthy untrained subjects. According to Shephard (1974) the 
transltlon from aeroblc to anaerobl0 effort ls not clear cut and. 
in some forms of rrthmic work. lactate will accumulate at loads 
oalling for an expenditure of no more than 50 to 60 1> ~02 max. 
00 0 Astrani. Astrand and Rodahl (1959) and Astrand (1960) found that 
when V02 does not exceed 50 1> V02 max, lt ls posslble to perform 
the work in steady state for perlods of about one hour. According 
to Xstrand. Hallbaok. Hedman and Saltin (1963) well tralned 
inilvlduals can reach the equil1brlum at higher work intensltles. 
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HOIfever. the same researchers fOUIJ:i that if' the worldng period is 
ex"temed to 8 hours. the subJeots oan perform the task but are 
fat~ed at the em of the period. In occupational studies. only 
Iildgren (1946) reported sustained 8 hours work at aroum 50 1> 
V02 max. Xstrand. (1967) foum that the workers in the Swedish Building 
Industry worked at an average of 39 1> of their V02 max am LehnBn 
(1963) proposed a limit of 33 '" t02 max for 8.5 h:~ work. The latter 
is in agreement with the results reported by Michael. Hutton am 
Horwath (1961) who foum that it is possible to work for 8 hours. 
on a treadmill. if the energy oost does not exoeed 35 1>v02 max. 
Nowadays. as pointed out by Rstrand. am 
Rodahl. (lm). it is aocepted that a labourer during an 8 hour 
shift should not exoeed.on average. 33 to 40 1> of his v02 max. 
These authors in the last edition of their " Textbook of Work 
Physiology " proposed another system for grading work. where heavy 
labour is defined as any aotivity demaDiing a V~ between 1.0 and 
-1 1.5 1 m1n • In Englam. Durn1n and Passmore (1967) defined aerobio 
oapaoity as the upper level at whioh glucose is utilized oompletely 
( am at whioh no oxygen debt acoumulates in the body. They also 
sustained that the higher the degree of physioal fitness. the higher 
the aerobio capaoity. Aocording to these workers uDier normal 
oomitions no man should be expeoted to work at a higher rate than 
-1 2400 kcal per 24 hours. which is equivalent to an average 5 koal m1n • 
One important aspeot to oonsider when analysing 
the heaviness of.a work is that manual labour. carried out for 8 
hours. varies enormously in energy requirements and. therefore. any 
of the limits for heavy work previously analysed are only average 
values which include heavy and light work ~ rest pauses. From. a 
physiological point of view, when heavy "peak" activities occur, 
rest pauses should be allowed for the worker's recovery. The 
intensity and duration of a certain work are the principal 
determinants of the time required for recovery. MuITell (1965) 
proposed the following formula for estimation of the recovery 
time: 
W(b-s) 
Recovery time in minutes =------
b - 1.5 
where: W c total working time in minutes 
-1 b c average energy expenditure (kcal m1n ) 
s = level of energy expenditure adopted as standard 
The standard value for energy expenditure. 
-1 
proposed by Murrell (1965) was 5 kcal m1n • other workers such 
as Tomlinson and Manenica (1977). using the same formula. replaced 
the standard value for an "optimal work load" of 40 ;, V02 max. 
Although the formulae to calculate approximate 
recovery times can be very useful, in some cases. specially in 
critical tasks which cannot be interrupted. their value is more 
theoretical than practical. For example, Apud, Ch1ang and Guzman 
(1982) reported the results of a study on a fire brigade from a 
Chilean oil z:.«:finery. It was found that ';02' measured from the 
moment the alarm sounded until the workers arrived at different 
-1 
areas of the oil refinery, reached an average of 2.39 1 min • 
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whioh oan be oonsidered U1ld.u1y heavy. The workers selected for the 
energy expenditure study were those. whioh acoording to the person 
who trained them. oould aohieve the speed required in oase of an 
emergency. Afterwards. 15 firemen. who oould not reach the standard 
speed. were studied in the laboratory. During normal hours they were 
offioe workers in the refinery. It was found that their average 
. ~ ~ ~ V02 max was 2.54 1 m1n or 33.2 ml m1n kg • Therefore. it was 
not surprising that these firemen oould not work at suoh a high 
• -1 
rate; for 53 '1> of the total group a V02 of 2.39 1 m1n was a 
suprama.x1mal load. Fortunately. that oU refinery has never been 
faoed with a real fire. but the question is: Will they be able to 
oontrol a fire in a real emergenoy situation ? The studies oarried 
out by Apud et al. (1982) only revealed the energy expenditure 
required to arrive at the plaoe of the fire and that it should be 
remembered. in a real fire situation the demands for physioal work 
oan be very h1gh. 
The last example has been given as an 
illustration that the study of heavy work is a very oomplex problem. 
As far as is possible. a normal 8 hours shift should oonsider work 
and reoovery so as to allCM the worker's population to oarry out 
the Job without undue fatigue. However. when the possibUities of 
reoovery are limited. as in the given example. the seleotion of 
workers has to be oarefully oonsidered to avoid aooidents. whioh 
might have h1gh oost in human lives. 
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1.3. The energy expem.iture of forestry work. 
The definition of forestry work as one of the 
heaviest of all occupations is based on a number of studies in 
which energy expem.iture has been measured in various forestry 
tasks. Durn1n am. Passmore (1967) carried out a complete up to 
that date review. of the knCMledge of energy expem.iture 10 
forestry work. They compiled information from 15 different reports. 
including their own studies. As a basis for further analysis. 
these data is reproduced 10 table 16. 
According to Durn1n am. Passmore (1967). 
apart from nursery work. all the other forestry activities can be 
classified from moderate to heavy work. There is even one category 
which is urxiuly heavy and corresporxis to work with axe at a rate 
of 50 blows per minute. After the review carried out by Durn1n 
am. Passmore (1967) there have been several studies on energy 
expem.iture in forestry work. Research carried out by Hansson. (1965). 
Hansson. Linholm am. Birath (1966). Vik am. Aalvik (1969). Vik (1973). 
van Loon (1976). lotteller-Dars am. Staudt (1974) am. Staudt (1978) 
have conf1rmed the heaviness of forestry work. However. in some 
cases. important differences have been fourxl. for s1m1lar types of 
work which needs to be analysed 10 more detail. For example. the 
mean value given by Durn1n am. Passmore (1967) for horizontal am. 
-1 
vertical sawing with power saw. were 4.3 am. 5.4 kcal m1n 
-1 re~pectively. Xam1nsky (1960) reported 4.9 am. 4.1 kcal m1n 
for felling am. cross cutting respectively. The latter values for 
the work with power saw have been discussed 10 detail by van Loon(1976) 
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Table 16 
Energy expenditure in forestry work 
WOR!\: IN FORESTRY NUR3~ 
• cultivating tree plants 
• hoeing 
• hoeing and weeding 
• weeding 
• loading weeds into sacks 
• carrying load of weeds and dumping 
PIANl'ING 
• d1gging drainage ditches by hand tools 
• clearing draining ditches with spade 
• tractor driving-harrowing while sitting 
• tractor driving-harrowing while standing 
• tractor driving- loading earth 
• making holes by mechanical digger 
• planting by hand 
• planting by machine 
WOR!\: WITH AXE-HORIZONTAL AND :EERl£NDICUIAR BLGlS 
Weight of axe head Rate-blows/min 
1.25 kg 20 
0.65-1.25 kg 35 
2.0 kg 35 
1.25 kg 50 
FEILlNJ. TRIMMIN:l, ETC. 
• felling 
• tr1lllning 
• barking 
• carrying logs' 
• dragging logs 
WORK WITH SAW IN FOREST 
• sharpening saw 
• carrying power saw 
• cross-cutting by hand 
• horizontal sawing by hand 
• vertical sawing power-saw 
• horizontal sawing - power saw 
MISCELIANEom WORK 
• sawing planks in sawmill by hand 
• sawing small logs by hand 
• cleaving wood 
• dragging firewood 
• stacking firewood 
• using ~ower saw on table to cut logs into planks 
kcal/m1n/65 kg man 
Range Mean 
3.4-5.4 
5.6-7.5 
4.9-7.5 
3.7-7.3 
5.5-11.2 
9.1-10.6 
6.8-12.7 
5.2-11.6 
5·2-12.0 
9.9-14.4 
8.3-15.9 
6.4-10.5 
6.8-7.7 
2.9-5.0 
3.6-6.4 
8.6-9.1 
7.8-9.8 
5.1-6.2 
4.4 
5·9 
4.4 
4.7 
3.2 
4.2 
8.0 
7.8 
4.6 
6.6 
6.5 
5.2 
6.5 
2.8 
5.5 
9.8 
10.0 
19.3 
8.6 
8.4 
8.0 
l2.1 
l2.1 
3.2 
6.5 
8.6 
7.2 
4.3 
5.4 
5.2 
3.6 
8.8 
8.8 
5.7 
3.4 
From: Durn1n, J.V .G.A. and Passmore, R. (1967). " Energy work and leisure ". 
London: Heinemann. 
who showed that in some circumstances, working with power saw temed 
to be more strenous than when using a ham saw. Th1s worker founi 
in a sample of 8 power saw operators a mean daily energy expemiture 
of 4440 kcal. The results for measurements of energy expemiture 
during actual work gave values between 6 am 10 kcal m1n -1. Van 
Loon (1~6) quotes : "lCam1nsky performed some measurements of 
energy expenditure of sawing dry trunks am he founi that using a 
power saw required somewhat less energy than using ham saws. 
However, tree felling is not only limited to dry trees ". He added: 
" It seems to be a Justifiable conclusion to state that the power 
saw is a bad for of mechanization to reduce heavy work in forestry ". 
Hansson, L1ndholm am Birath (1966), in a study carried out in !niia, 
reported that the physiological load in felling with a power saw am 
with a two-man cross-cut saw was similar. All these results can be 
taken as an ilxl.ication that, for similar tasks, energy expemiture 
may vary within a wide range, which is not only depement on the 
worker's abilities but also on a number of factors such as the 
type of forests am terrain am characteristics of the tools. 
1.4. Daily energy intake am energy expemiture of forestry workers. 
The energy intake of torestry workers 
has been described in many ocassions as very high, as compared. with 
the intake of labourers in other occupations. Imldgren (1946), in 
Sweden, reported an average daily energy intake of 5347 kcal. 
Karvonen, Pekkarinen am Rautanen (1961) founi that Finish workers 
consumed an average of 4763 kcal per 24 hours. The average value 
reported by Karvonen et al. (1961) was obtained from observations 
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in 7 forestry camps; the mean values in each camp ranged between 
4690 and 5016 kcal per 24 hours. W:lrth (1972) carried out measurements 
of energy intake in 105 German forestry workers. He found. an average 
dally energy intake of 4530 kcal per 24 hOUIlS. Van Loon (1976) in 
The Netherlands estimated the energy intake of 8 power saw operators 
f1ni1ng a dally intake of 4260 kcal. In a document from the 
International LabOUl' Office (1973). it is reported that in Canadian 
logging camps. meals provide. 5500 kCal per 24 hours. 
Many studies of energy expemiture in 
forestry work have been carried out. but most of them have provided 
information on selected activities. There are only a few studies on 
energy expemiture over 24 hours. In Scotland. Durn1n and Passmore 
(1967) found a da1ly energy expemiture of 3670 kcal as average. 
Wirth (1972) reported a mean value of 4920 kCal per 24 hours during 
the "peak" season in Gernany. Wirth's results revealed that 2400 
kcal were expended at work and 2080 in non-occupational activ1ties. 
Van Loon (1976). in his study on pOlfer saw operators, found a mean 
daily energy expenditure of 4440 kcal. The estimated net energy cost 
at work was 22~ kcal and the energy expemed at leisure was 385 kCal net. 
The results of these studies shOlf that 
the workers in forestry activities have energy intakes and energy 
expemiture which allow them to be classified as very active or 
exceptionally active, according to the FAO/WHO standards (1974). 
However, all this information has been collected from workers living 
in countries of high socio-economic levels. The studies in developing 
countries are sparse and this has been stated in a report trom the 
International lAbour Office (1973). In that report, some qualitative 
descriptions were _ ~a:rried out on the types of food consumed by 
workers from various developing countries. It appears from the 
literature review that one of the few studies on energy intake 
am. energy expenditure of forestry workers from develop1Dg countries, 
is that reported by Staudt (1978). He studied a group of workers 
from Surinsm am. divided the sample into weeders paid by f1xed 
rates ani weeders paid by piece rate. The energy intake of the 
first group was 2360 kcal per 24 hours, while the seconi group 
reached 4160 kcal per 24 hours. The estimated energy expeniiture 
was 2903 am. 3840 kcal per 24 hours respectively. The workers paid 
by f1xed rate had an energy intake 543 kcal lower than the energy 
expeniiture. However, Staudt (1978) remarked that from his_results 
no conclusion could be drawn, because the study was based on 19 
subjects am. that 1t was likely that the difference between emrgy 
intake am. energy expeni1ture could be explained by the methods 
employed. 
In ChUe, no stud1es on energy intake 
or expend1ture in forestry workers have been reported. The closest 
approach has been some gross descript10ns ot the types of food 
consumed by these workers. In the ILO (1973) report, 1t is ment1oned: 
n In Chile, the diet 1s monotonous. The main item are potatoes, 
beans, lent1ls am. peas. A frequent dish 1s roasted wheat flour 
prepared with water. On s1te, the workers eat mostly bread, roasted 
wheat flour and coffee ". otero (1981) after inteI'll'1ewing 131 
forestry workers, on the types of food consumed 1n forestry camps, 
made similar remarks: " The foods usually consumed are tea or coffee 
(wlth sugar). bread and a soup uade ot_rlce. potatoes, and ch1ll. 
added for taste. other toods f'requent~ quoted were roasted wheat 
flour and legumes n. Although both descrlptlons are tair~ s1m1l~. 
ss lt can be observed. they do not provide any quantltatlve estlmatlon 
elther ot energy or nutrients intake. 
1.5. The methods tor the estlnatlon ot food intake and energy 
expemlture • 
There are several methods for the estimatlon 
of energy and mrtrlent intake and energy expemlture. The more 
preclse alternatlves are usually confined to well equlpped 
laboratorles and, therefore, the methods wh1ch can be applled in 
fleld studies involve different degrees of error. The cholce ot 
methods will depem on the ptn'pOse of a partlcular study. The 
techniques and their appllcatlons are expla1neci in many textbooks of 
Nutrltion and Work Physlo1ogy. For the ptn'pOse of th1s study, only a 
brlef descriptlon ot the advantages and 11m1tatlons of varlous methods 
wlll be glven. Special reference ls made to Conzolazl0. Johnson and 
Pecora (1963). Durn1n and Passmore (1967), range Amersen et al. (1978) 
and Weiner and Lourle (1981). 
1.5.1. The toood consumptlon surveys. 
The 11terature ls vast in techniques for the 
collectlon of data on energy and nutrlent intake. In general terms, 
these techniques can be classifled into two groups: 
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i) techniques based in food weighing 
11) techniques based on questioning the 
subjects. 
The techniques based in food weighing are more 
precise than any form of interview. HOW'ever. they demand time. 
coopez:ative subjects. sk1lled observers aM. in some cases. a 
laboratory set up to carry out the chemical analysis of the' 
nutrients. Three weighing procedures are described in -the literature. 
The first. called duplicated analysis method. demams we1gh1ng all 
the food aM dr:lllk aM duplicate samples to be taken for chemical 
analysis. The second procedure. the precise we1gh1ng method. requireS 
we:lghing all the ingredients for cooked. foods before serving aM 
nutrient intakes are calculated from food. composition tables. The 
third alternative is the weighed inventory method which demams 
the weighing of food aM dr:lllk before eating aM also the food left 
after the meal. Energy aM nutrient intake are calculated from food 
composition tables. As explained by Weiner aM Lourie (1981). the 
duplicate weighing method have only the sampling aM laboratory error. 
The precise weighed inventory techniques introduce more error 
because of the estimation of energy aM nutrient intake from food 
composition tables. the weighed inventory method being more imprecise 
because the error from the recipes is added. 
Several alternatives are proposed in the 
literature for questioning the subjects about past intakes. The most 
well knOW"n are the 24 hours recall aM the dietary history. Any of 
these techniques have to rely on the subjects ability to remember 
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and describe their food intake. As it would be too extensiVe to 
review details of the we1ghed and quest1on1ng methods. reference 
is made to Burke (1947). Bransby. Daubney and King (1948). 
Pekkar1nen (1970). Marr (1971). Beaton. M1lner. Corey. ~Gu1re. 
Cousins. Stewart. Ramos. Hewitt. Grambsch and Kass1m (1979) and 
Acheson. Campbell. Edholm. Miller and Stock (1980). 
Apart from the methods in which the nutrients 
are chemically analysed. all the other techniques need to est1mate 
the am6unt of energy and nutrients from food composition tables. 
In respect to energy. the calorific value of a food is calculated 
from the amount of fat. protein and carbohydrates it contains. The 
heat of combustion. expressed in kcal gram-l • is 4.1 for carbohydrates. 
5.65 for protein, 9.4 for fat and 7.1 for alcohol. However, as pointed 
out by Durn1n and Passmore (1967). not all the energy in food can be 
utilized by the tissues; losses occur in digestion and the breakdown 
of foodstuffs in the tissues is never complete. Therefore. the energy 
values, in most food composition tables. are corrected for this 
physiological losses. The most well known calorie conversion factors 
are those pt'oposed by Atwater at the beginning of this century. These 
are 4 kcal gram-l of protein, 9 kcal gram-l of fat, 4 kcal gram-1 
of carbohydrates and 7 kcal gram-l of alcohol. It has to be mentioned 
that ~ all the tables of food composition use the Atwater factors 
for the estimation of the energy provided by a food. This brief comment 
is necessary before explaining how the Chilean tables of food 
composition were calculated. However. is is far f'rom the aims of this 
work to analyse in detail the d1fi'erent calorie conversion factors 
used in various tables. Reference is made to Paul and Southgate (1978) 
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In that book a very interesting note from Dr. E.M. Widdowson has 
been included in Which she reviews the history 01' calorie conversion 
factors. 
The Chilean tables of food composition were 
developed in the Department of Food SCiences (Departamento de Broma-
tologia) of the University of Chl.le. The first edition was published 
in 1961. sponsored by FAO and provided information on l;;tj' foodstuffs. 
The fifth edition. used in the present study. was publ1shed by 
Pennacchiotti and Schmidt-Hebel (1978) and it contains data on 289 
Chilean foods. For each food. the table gives the amount 01' protein. 
carbohydrate. fat. fibre. ash. calcium. phosphorus. iron. sodium. 
potassium. riboflavin. nicotinic acid. ascorbic acid and retinol. 
The nutrients were analysed by conventionsl methods. specified in 
the tables. except for retinol which was estimated according to the 
recommeniations of FAO/Om (1947). The calorie conversion factors 
employed in the tables of composition of Chilean foods. were also as 
recommemed by the FAO/Om Committee (1947) and. therefore. different 
faotors for protein and fat from variOUS sources are used. 
1.5.2. The techniques for the estimation of energy eJqlemiture. 
Man has often been described as an engine 
who produces heat and mechanical work. The quantity of energy 
generated by the body at rest and during muscular work can be 
det~rm1ned by a variety 01' methods which are usually classified 
as direct an 1Diirect calorimetry. 
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1.5.2.1. Direct calorimetry. 
Human heat production can be directly measured 
in a calorimeter which consist of an air tight termally insulated 
chamber in which a person can remain. am carry out some types o't 
work. for a determined period. The heat produced and radiated by 
the subject is removed by a volume of water which is circulated 
through pipes coiled near the ceiling of the chamber. The change in 
the water temperature entering an:l leaving the chamber reflects the 
metabolic energy release. Carbon dioxide is removed by chemical 
absorbents am humidified air is continually supplied an:l circulated. 
To maintain a normal oxygen concentration. oxygen is added to the 
air before entering the chamber. This is a very simple description 
of a calorimeter. Since they are very complex pieces of apparatus 
reference is made to Cozolazio. Johnson and Pacora (1963). Durnin 
am Passmore (1967) am Bannister and BrOl'lIl (1968). The usufulness 
of calorimetric chambers is limited by their size which imposes 
restrictions in a person's activity. Furthermore. it is practically 
impossible to simulate a natural environment. such as a forest. 
within a chamber am. therefore. for practical field studies it is 
necessary to rely upon 1IJ1irect calorimetry. 
1.5.2.2. lniirect calorimetry. 
All energy metabolism in the body depenis on 
the utilization of oxygen. Therefore. by measuring oxygen uptake 
it is possible to obtain an 1IJ1irect estimation of energy expeniiture. 
There are several methods for measuring oxygen consumption which can 
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be classified as open and closed circuit procedures. These have been 
described by Conzolazio, Johnson and Pecora (1963) and Durn1n and 
Passmore (1967) but good reviews of these methods oan be found in most 
textbooks of Work Physiology. Therefore, only some brief comments 
of the methods used in this study will be given. 
In field studies, energy expeooiture has to 
be measured by means 01' an open circuit technique. The volume 01' 
expired air needs to be recorded and aliquot samples 01' this air 
to be taken for gas analysis. The Douglas bag technique is one of 
the classical methods for the collection 01' expired air. As pointed 
out by We1ner and Lourie (1981) the method is reliable an simple, 
but the obvious disadvantage is that the subject has to carry a 
large bag on the back. Lange Aooersen et al. (1978) remarked that 
the Douglas bag is socially undesirable and that it ma¥ also 
interfere with normal activity. other aspects which have been 
h1ghl.1ghted by these workers is that when using Douglas bags, leakage 
01' carbon dioxide by dif'fusion is unavoidable. Therefore, the 
expired air has to be analysed as quickly as possible. Despite its 
limitations, the Douglas bag is still widely used for laboratory 
measurements. This technique was used in the present study to measure 
oxygen uptake during submax1mal. work on a cycle ergometer. It was 
illustrated in Figure 1 and described in the section methods, chapter 3. 
The Kof'ranyi Michaelis (1949) respirometer, 
developed at the Malt Planck Institute 01' Work Fbysiology' in West 
Germ!my, has reduced some 01' the inconveniences 01' the Douglas bag. 
It consists 01' a small dry gas meter which is usually carried out 
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on the back. This instrument has been used in the field for 
measuring a variety of activities and there is general consensus 
of opinion that it is a reliable piece of apparatus. burn1n and 
Passmore (1967) as well as Weiner and Lourie (1981) have pointed 
out that the min problem with the Kofran;yi Michaelis (KM) 
respirometer is that high ani low ventilation rates tend to be 
under recorded. HOI'Iever. Durn1n ani Passmore (1967) and Lange 
Andersen et al. (1978) agree that the KM respirometer is accurate 
to measure flow rates between 15 ani 50 1 min-l of expired air. 
This equipment was used in this study and is described in more detail 
in the methods section ot this chapte:r>. 
At present some new devices are available 
for measuring energy expenditure in the field. In general. these 
instruments avoid sampling for gas analysis because they have 
incorporated different systems for the estimtion of the oxygen 
concentration in the expired air. The most well known are OXylog. 
which is based on a polarographic principle. the ergo-analyser. which 
also estimtes the oxygen content in expired air polarographically 
and the MISER ( miniature indicating ani sampling electronio 
respirometer). The instruments are described b7 Humphrey ani Wolff 
(1978). Hullemn and List (1973) and Eley. Goldsmith. Layman. Tan. 
Walker and Wright (1978). respectively. Although suoh apparatus 
avoid gas sampling ani analysis. they have not overcome a problem 
whioh is COJllllOll to all methods ~ indireot cal.or1metry. the need 
to use mouth pieces or face IIBSks. In most reviews of methods for 
the est1ll8tion ot energy expenditure in field studies. the abJection 
ot some subJeots to breathe via a mouth pieoe or face IIBSk has been 
l~ 
mentioned as one of the l1m1tations of these methods. espec1al:q 
in prolonged use. Some workers. such as Tomllnson and Manenica 
(1977). after a research carried out in England. pointed out that 
respiratory measurements were considered impractible for their 
field study in forestry work. Although this statement appears 
bold. it shCMS that in some populations. even trom 1n:iustrialized 
countries. the abjection tran subjects to 1n:i1rect calorimetric 
procedures might be a l1m1tation in carrying out the various._ 
measurements of oxygen uptake which are sometimes required in 
field studies. 
1.5.2.3. Alternative methods for the estimation of energy expeIXiiture 
in the field. 
One of the alternative methods which has 
been proposed for the estimation of energy expeIXiiture in the field. 
is based on the relationship of cardiac frequency and oxygen uptake. 
Berggren and Christensen (1950) reported that the increase in oxygen 
uptake during work is olosely related to an increase in cardiac 
frequency and that It pulse counts during work ought to give rather 
depeIXiable information about the metabolic rate ". This assumption 
is met ~ a large degree in laboratory studies where it has also 
• been found. that the regressi~ 11nes between :fC and V02 are not 
identical for all iIXi1v1duals. Therefore. 11' this method is to 
be used it is recommeIXied to establish the relationship between 
• V02 and :fC for each subject. Shsrky. ~onald and Corbridge (1966). 
Stock (1966). Payne. Wheeler and Salvosa (1971). Bradf'ield (1969). 
Salvosa. Payne and Wheeler (1971) and Acheson. Campbell. Edholm. 
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lUller and Stock (1980) have discussed the utUity of f'C to predict 
energy expemiture. The most important criticism to this approach is 
that re can be altered by many different factors. especially at rest. 
anxiety and changes in posture might produce large changes in f'C. 
The relationship might also be influenced by the nature of the 
effort. especially if the work is confined to only certain groups 
of lIRlScles. Ac~ording to the DmS/MIC (1976) report. the method is 
useful. in a natural setting. particularly in subjects whose abUity 
to cooperate is limited such as elderly people and children. The 
. . 
re method has also been used by Scbutz. IA:lchtig and Bradfield 
(1980) in lactating women. Acheson et al. (1980) in a very 
interesting study carried out on 12 lOOividuals in an Antarctic Base. 
estimated emrgy expemiture from various methods. They found that 
the prediction of energy expemiture from the relationship between 
V02 and fe. when the regression was derived from measurements taken 
during habitual activity. appears as an adequate method for the 
measurement of habitual energy expemiture. 
When the estimation of energy expemiture 
by lOO1rect calor1metry is not possible. or when only . 
part data samples can be obtained. the use of standard tables ot 
energy expenditure during various activities might be used. The 
naw~ classical tables from Durn1n and Passmore (1967) are often 
quoted in the literature. According to these workers. the error of 
est1mation during sleep is. at most. 50 to 100 kCal for the whole 
period in bed. for sitting at easy 8 hours:!:. 200 kcal. and for 
walking 1 to 2 hours. it is unlikely to be more than 100 kcal and 
probably less than 50 kcal. Durn1n and PasslllOre (1967) also pointed 
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out that it is 1mpractible to measure the energy cost of all the 
activities carried out by a subject and that judgemen~ is necessary 
in deoiding what measurements to lIBke and when a figure from the 
literature might be used. They also remarked that small errors of 
estiuation are not cnmnn,]ative. 
1.5.2.4. The estiuation of habitual activity. 
At present there is no one procedure Whioh 
allows the estiuation of energy expeniiture by 1ni1rect calor1metry 
during 24 hours. Although in some studies. such one reported by 
Edholm. Adam. Healy. WoW. Goldsndth and Best (1970). oxygen 
uptake had been measured during a substantial part of the day. 
the subjeots had to eat and some rest had to be given at least 
every two hours ( We1ner and Lourie. 1981 ). 
As pointed out by Durn1n and Passmore (1967). 
daily energy expeniiture has to be estiuated from the following 
fornW.a: 
daily energy expeniiture .. time spent in each activity (mm) x 
metabolic cost of activity (koal ndn-l ) 
Therefore. any field es:tiuation ot energy 
expeniiture needs accurete recordings of the time spent in eac~ ~ 
activity during 24 hours. There are different methods to estiuate 
habitual activity which have been reviewed by Lange Aniersen et al • 
. . 
(1978) and We1ner and Lourie (1981). The methods most often quoted 
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in the literature can be broadly classified as follows: 
i) diary methods 
11) time and motion studies 
i11) questiona1res 
The diary method demands the documentation 
of all activity throughout the day. ~sually a form is employed in 
which the subject, OIl the observer, oan register activity minute 
by minute. For ident1f'ying the change of activity a code is used. 
This system, apparently simple, might provide precise information 
if' the data are collected by an observer. otherwise, when it is 
self' administered, it requires a minimum of literacy and 
unierstanding and, in some cases, it is unlikely that a subject at . 
work could control time and record his activities without changes 
in the working patterns. 
Time and motion studies have been used for 
III!UlY years in occupational practice. There are several way to carry 
out a study of this nature. For the purpose of energy expenditure 
estimations, the time and motion analysis, in its simplest form, 
is similar to the diary record, when the information is collected 
by an observer. There are more sophisticated methods for time and 
motion stul,ies which can record the activities to the nearest 
secoM. HOIlever, ~ application of those techniques require 
highly skilled observers. 
Retrospective questiona1res are the 
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simplest form for the collection of data on habitual activity, 
but also the less objective and associated with the largest error. 
The questionaires might be self a.dm1n1stered or answers obtained 
from interviews. The recall is usually carried out for the previous 
24 to 48 hours, although in some cases they are applied to recall 
for longer periods of time. 
The three techniques described are the 
most widely used to record daily activities. '!he use of one form 
or another, or a combination of them, will depem on the put'pOse 
of the investigation. the number of persons to be observed, the 
number of observers and the populations to which they are applied. 
1.6. The aims of the studies in this chapter. 
The studies which wUl be presented in 
thia chapter were conceived as a result of previous research 
performed at the Section of Ergonomics and Occupational and Health 
of the University of Concepcion. In Chile, forestry work is an 
interesting field for applied ergonomic research because it is still 
carried out using traditional manual methods. The problems of energy 
intake, energy expeOOiture and phySical work load have not previousI7 
been studied in the Chilean forestry imustry. Therefore, these 
studies were conceived as a need, consequent with a line of research 
which started in 1971. It has taken a long time for these studies_ 
could be performed. This is easUy explained because Ergonomics is 
a new discipline in Chile and the laboratories and equipment 
required to set-up studies of this nature has been slOlf to complete. 
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In this chapter are presented the results of four studies carried 
out between 19?'9 and 1982. each conceived with spec~f1c aims and 
all expected to contribute scientific information helping towards 
a better understanding of the Ergonomics of forestry work in Chile. 
1.6.1. The food consumption survey. 
This study was carried out to obtain 
information on energy and nutrients intake of Chilean forestry 
workers. As pointed out before. these workers are considered to 
be from a low income group. The adequacy of their diet has been 
discussed but no quantitative evidence has ever been shown proving 
whether or not their energy and m.ttrleIIt intake is adequate. 
1.6.2. The studies of energy expenditure and physical work load. 
The aims of this study were to determine 
the physical work load and the energy expenditure over 24 hours. 
Both aspects were considered a basic need for tmIf future 
1mpt'Ovement in the working conditions. 
1.6.3. The fire simulation study. 
The devastating effect of fire in Chilean 
forestry is alarming (CONAF. 1980). In tJ:le same report of the 
National Corporation of forestry (CONAF). it is mentioned that in 
19?'8 there were 3363 firemen from 216 fire brigades. These firemen 
usually have special econanio incentives. but they are permanently 
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supeI"lised to carry out the job at very high rythms. Fires can be 
prolonged for weeks and the work of opening fire breaks is very 
intensive. Although there are no statistics. frequent accidents 
are reported; the workers collapse due to the physical strain 
imposed by the hard work. The National Corporation of Forestry 
has been aware of this problem and this study was carried out as 
a first step to review the criteria for selection of workers and 
for f'uture ~is of the work-rest schedules. which. as yet. 
have not been established. This is normally left to the supervisor 
with consequences as already mentioned. 
1.6.4. The planting study. 
This study was a cooperative project between 
the Department of Forest Sciences and the Section of Ergoncmics and 
Occupational Health. both from the University of Concepcion. It 
was aimed to find out the relationship between physical work load 
and work output while planting young trees with three different 
types of tools in comnon use in Chile. and in two different types 
of soil. 
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2. Subjects and methods. 
2.1. Subjects. 
In the preceeding chapter. physical characteristics 
of 122 forest workers were analysed. The workers who acted as 
subjects for the studies. which wUl be discussed in this chapter. 
were taken from the same sample. However. for reasons impossible to 
control. the studies of food intake and energy expenditure were not 
completed by all the workers. Of workers described in the previous 
chapter. 28 were studied when Dr. P.R.M. Jones. from the Department 
of Human Sciences. University of Loughborough. was aoting as a 
Royal Society visiting Research Scientist at the University of 
Concepoion. Chile. In those days. the emploYE!ll had discontinued the 
activities in the forest but. unfortunately. shortly after the firm 
closed; as consequence no field studies could be carried out. 
Therefore. to fulfil the aims outlined in the introduction of this 
chapter. the number of workers studied were 94. The workers can be 
divided as follows: 
i) 57 axe workers and power saw operators. Food 
intake and energy expenditure over 24 hours were 
estimated in this group. 
11) 15 firemen. They were also axe workers and power 
saw operators. Food intake and energy expenditure 
during fire simulation exercises were assesed in 
tn:'s,: Subj~cts 
11i) 3 planters. They acted as subjects for the 
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2.2. Methods. 
experimental study in which.energy expenditure 
was measured while planting with three tools 
in two types of soil. 
iv) 19 power saw operators and axe workers. They 
took part in the food consumption survey, but 
the measurements of energy expenditure could not 
be completed. 
When this study was designed, the methods selected 
were those reconmended by the mp/HA. We1ner and Lourie (1981). 
However. after the research was started. some of the techniques 
had to be modified to suit the educationsl level of this population. 
Therefore. the methods employed were as follows: 
2.2.1. The food consumption survey. 
The food consumption survey was carried out from 
September to February 1980-1981 and from September to April 1981-1982. 
These month correspond to the spring and SUlllller seasons in Chile. As 
the three pllinters were studied in the winter 1'R9. they were excluded. 
from this survey. 
Food intake was estimated using 24 hours 'recall and 
a combinstion of w61gh1ng and recall techniques. now referred to as 
the combined technique. From a methodological point at view. it is 
- -
important to explain why food intake was assesed using two different 
113 
procedtn'es. Food. weighing was not easi4' accepted by the workers 
an:!. when the research was organized, after talking to the foresters, 
the impression was that no food weighing was going to be possible. 
The details soum anecdotical, but we had observed that workers were 
very enthusiastic about cars. As samples for gas ana4'sis had to be 
taken to the field laboratory at mid-day, the idea of taking the 
workers with us seemed a good. chance to make them cooperate. The 
alternative was to carry out 24 hours recall in the laboratory 
an:!. food. weighing at the work place on different days. When _ this 
was explained the interest increased and they volunteered to take 
part in the study. The detan might appear irrelevant , but was 
very important from a methodological point of view, since it 
allowed to carry out the food. weighing at the work place, but also 
helped towards a more frien:lly relationship which was :f'uniamental 
to obtain reliable information. 
The days that the food consumption was assesed 
with the combined technique, the weighing scales were calibrated 
before the workers arrived to work. One of the scales (Precision 
Hispana, Spain) weighed up to 500 g by 5 g, the other (Centauro, 
Chile) 2 kg by 20 g. For calibration in the forest only one 
standard weight of 100 g was available, which was used after 
setting zero. When the subjects arrived at the work plaoe, they 
were asked about ~ tood eaten at home or on the1r W8:3' to work. 
This very seldom happened "beoause they took breakf'ast in the 
torest. When they had eaten, normal4' a pieoe 01' bread, this oould 
be estimated from the missing ~ 01' the whole loaf. All food 
taken to work was weighed separately and reoorded on a stsmarcl 
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form. Before the em ot the shift the l'E'ma1n1ng food was 
we1ghed in the ,same way. Speoial oare was taken to oont!ol some 
speoifio details: 
i) The only' oooked dish. it arr:r. was oontained 
in a b1llioan am eaten at lunoh. 
, . 
11) The sugar oon~~r was we1ghed before ani 
after use to obtain the amount oonsumed 
during the shUt. In addition. in:f'ormation 
about the size of the spoon ani the IlWIIber 
ot spoonf'uls added to the ooffee or. tea were 
reoorded. 
11i) As it will be shown later on • bread amounts 
a high proportion of the food consumed by 
these workers. The bread was home made am 
not comparable in size to any other Chilean 
,bakeI7 bread. Theretore. each loaf was 
weighed separately ani the average was taken 
as the st.l!!!dard size for that particular 
worker. 
At the em ot the shift. when the weighing 
procedure was completed. the subJeots were instruoted to observe 
the tood eaten at home. For thiS purpose. simple staIXiard forms 
were given tor them to write the detaU. or with help. ot eV9I7 
single tood eaten. The tollOlfing is an illustration ot the torm 
completed by a worker. 
ll5 
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The response of the workers to fUl the f'orm 
was very poor, not because of reluctance to the procedure but because 
25 '1> were completely illiterates and the rest :partially illiterates. 
The form Ulustrated reads: .. At -tea time a tried. egg, a cup of 
coffee and a piece of' bread. At dinner, a cup of coffee and one 
sllce of bread ". This type of description, which was also a typical 
answer, was the vague k1n1 of information that the workers 1n1t1al17 
provided. Therefore, the interview carried out on the follolfing 
morning, was fundamental to obtain more :precise detail. Due to the 
nature of the inf'Ol'IIBtion being collected, the use of a rigid form 
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of interview was not possible and nany questions arose during the 
conversation with each worker. which lasted around 30 minutes. 
Nevertheless. a list of some general questions was wri1iten as "aide 
memoire n • Taking as an example the form shown on the previous page. 
the basio questions are: 
following questions: 
• Was the egg tried in 011 or fat ? 
• How nany spoons of sugar did you add to 
each cup of coffe ? 
• Did ycm. drink the' coffee. in the same mug 
you take to work. 
• It not. how does the size of the mug compare 
with the mug you drink at work ? 
• Was the coffee white or black ? ( in Chile 
white coffee is not mixed with water ). 
• How big, was the piece of bread ? 
• Was it s1m1lar to the bread you eat at work ? 
• Did you add butter. lII!Il'g8.rine. marmalade. 
cheese or other food to the bread ? 
The interview always elXied with the two 
• Did you drink any soft or alcoholio drink ? 
• can you remember any food eaten that you haw 
not mentioned ? 
The 24 hours recall. carried out on a week 
day and over the week em, was ccmduoted in a s1ml1a,. way. The only 
difference was that the form provided to the workers considered food 
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eaten at breakfast. between breakfast and lunch. at lunch. between 
luch and tea time. at tea t1me. between tea time and dinner. at dinner 
and after dinner. 
The weight ot the tood assesed by recall was. 
in moat cases. estimated by comparison to the weighed tood. '!his was 
the criteria adopted to estimate the amount ot sugar added to the cottee 
or tea. the weight ot bread. when milk was mentioned the volume was 
estimated by compariscn with the mug they took to work. Vegetables 
and truits were ident1tied in size am reterred to the mean values 
obtained tor similar items at the work place. For cooked dishes. 
the volume ot the b1llican was used tor comparison with the volume 
ot conmon plates. This. which was standard size. could tUl two 
deep plates. The weight tor one serving out ot work was estimated 
trom the observed weights tor equivalent meals. The oil ani tat absorbed 
in tried tood. the tactors to be applied to the calculation ot edible 
matter in meats. tish. vegetables ani tru1ts. the weight ot tined 
tood ani the recipes were obtained trom staniard tables proposed by 
the Department ot Nutrition ot the University ot Chile (1979). As 
supporting criteria tor unusual. meals. most ot them eaten on week-
ems. the textbook ot IAtTain (1974) was employed. 
Using these procedures 319 man-day tood 
intake assesments were completed as to1101fs: 
• 228 measurements in 57 subjects. This group 
was studied during tour days in the same 
week; two days were assesed using the 
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combined technique. The 24 hours recall was 
carried out in one working day ani on one 
Saturday or Sunday. 
• 15 firemen who completed 3 food intake estinBtions 
each; one with the comined technique ani two 
from 24 hours recall. 
• 19 axe workers ani power saw operators studied 
as the previous group. except that o~ 11 out 
of the total group were studied over the week-
eId. 
The number of measurements carried out in each 
day of the week can be observed in table 17. As one day correspord 
to 14.3 'to of a week. the exact percentage should have been 71.4 'to 
ani 28.6 'to for the addition of week days ani the sum of week-eIds 
respeotively. figures which are fairly olose to those ShCMIl in 
table 17. The same table shOW's that Friday was the day with the 
10W'est number of observations. When the studies were carried out. 
the author of this thesis concentrated his academio work at the 
University of Concepoion into the autumn-winter semester. HClIfever. 
SOll8 leotures had to be given in the spring-SUlJlDer semester and 
Friday was left for that purpose. Therefore. the work in the field 
was oarried out from Sunday to Thursday evening, except for the students 
IlUlllD8r holiday whioh lasted fl'om New Year tUl the m1ddle of March. 
In that season, field work was carried out fl'om Sunday to Fr:ldq 
evening. It teohn1oal problems arose, the survey was suspended for 
the whole week. With this schedule and oonsidering the other measurements 
taken of these foresters, ~ three per week were studied. 
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-Table 17 
NUmber ot tood intake assesments olassified per ~ ot the week 
Day ot the week Food intake assesments 
n 
Moniay 52 16., 
Tue~ 50 15.6 
Wedne~ 58 18.1 
Thur~ 50 15.6 
Fr~ 26 8.7 
Saturday 37 12.2 
Surday 46 14.4 
Total week days 236 '73.8 
Total week enis 84 26., 
Having oompleted the oolleotion ot the information, 
the energy intake and the weight ot nutrients provided by the tood 
eaten during the ~ , were estimated from the Chilean tood 
oomposition tables (Pennaoohiotti and Sohmidt-Hebel, 19f9). The 
data ot each subJeot were analysed using a computer prograDJDe 
especially wr1tten tor this purpose. The computer printed the mean 
values ter da1ly energy intake and tor the weight ot III%tr1ents. These 
information was also obtained tor the tood eaten at work and 
elsewhere. The data tor each subJect were written onto coding 
torms, stored on tUes and, afterwards 8lIIIlysed using the Minitab 
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statistioal oomputer package (Ryan, Joiner and Ryan, 1981). 
2.2.2. Methods for the estimation of energy expenditure and 
ph;ysioal work load. 
Energy expenditure and IiJysioal work load 
were estimated from measurements of oxygen uptake (102) and 
oardiao frequency (fC). The methods employed were as follows: 
• 2.2.2.1. The teohnique for measur11'lg V02 • 
'0'02 at work was measured by means of the open 
circuit procedure. The instrument employed to carry out these 
measurements was a Kofran;yi Miohaelis (KM) meter, desoribed by 
Conzolazi0, Johnson and Pecora (1963). The dry gas meter was 
strapped to the-Qack'of the sUbjeots by an adjustable harness. 
The labourers breathed through high velocity 10lt dead spaoe valves 
(HanB Rudolph) via a mouth piece. This valve was conneoted to the 
dry gas meter by rubber corrugated tube. The mouth pieoe and valve 
were held in position by four straps whl.ch were fixed around the 
head of the workers. The sUbjeot's nose was olipped. The small gas 
sample rubber bag, attached to the side of the respirometer, was 
previously emptied and olamped. As illustration, Figure 2 shows a 
subject ready for the test. _ 
Before start1ng the measurement, the subject 
was reminded to breathe normally (there was a uarked trend to 
lOperi'entilation) and requested to rest far a few minutes. The 
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PigUre 2 
• Illustration ot a forestry worker prepared for measurement of V~ 
rest was given for two reasons. First to flush out the dead spaoe 
am seoom to measure the restmg fC. As the procedure produoed 
anxiety in some of the subJeots. no measurements were oarried out 
it the oardiac frequency was 10 beats aver the resting value 
measured in the laboratory. The subJeots were asked not to speed 
up. to work in their normal habitual way and to keep their lips 
tight around the mouth piece to avoid leaks. Temperature was 
recorded from the thermometer of the instrument and the initial 
volume read. The a1iquot bladder was UIlOlamped and the ,meter 
engaged s:lnultaneous4' with the start of a stopifatoh. Measuring 
time was approxinate4' ten minutes. depeming on the subJeot; 
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measurements below five minutes were considered invalid. At the 
end. ot the activity the meter was disengaged. noting the time. and. 
temperature and. volume read. The aliquot bladder was olamped. 
disoonnected from the gas meter lUld the gas mixed tbroughl.y by 
pressing and. releasing the bag. The bladder was oonnected to a 
mercury tonometer. made in Ch11e. as illustrated in Figure 3. The 
tirst sample of air was disoarded.then it was oonneoted again and. 
the sample tor gas analysis was taken in the same ~. Expired air 
was never kept in mercury tonometers tor more than 4 hours. 
Figure " 
Sampling tor gas analysis in mercury tonometers 
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Duplicate gas analysis were carried out using 
a SCholander micrometer gas analyser. described by Conzolazio. 
Johnson and Pecora (1963). To check for possible leaks during 
transport. samples were taken from two different tonometers. After 
analysis. V02 and "Oc02 were calculated and the results expressed 
-1 in 1 min • under standard cond,itions (STID). 
2.2.2.2. Telemetric measurements of cardiac frequency. 
At work. cardiac frequency was telemetered. 
the signal from the transmitter (Beckman 350.006. mAl being 
received by a coumen amplifier (AcolllS personal stereo. Japan). The 
transmitter was oonnected to the subjects by means of two chest. 
disposable. electrodes. fixed with tape and secured with a strap • 
• During the measurements of V02' fC was 
monitored minute by minute. in the last half cf each minute. When 
only re was telemetered. fer about two hours in each subject .. the 
measurements were performed every second, minute. The 30 beats 
meth~. desoribed by Xstrand and Rodahl (1977) was used. This 
consist in oounting a fixed m.miler of 30 beats. starting from 0 
at the exact moment when the stopwatch is started. and stop the 
chronometer a'li the 30th beat. Cardiac frequency is expressed in 
-1 -beats m1n by a simple" mathematical oalculation. 
2.2.3. The estimation of daily energy expend,iture. 
Before describing the methods employed fer 
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the estimation of energy' expemiture over 24 hours. a previous 
description of the activities carried out by these workers will 
be given. This will be included partly because in a study of this 
nature it is 1'un:iamental to have a good urxierstanding of the 
activities evaluated. am partly because it helps to explain 
hoot the estimations of energy expemiture were carried out. 
2.2.3.1. The characteristics of the work studied. 
All the workers in this study. 1niepement 
of their activities. fo11ooted a similar pattern of work am rest 
during the 9 hours shift. This is shown in table 18 
Table 18 
General scheme for work am rest in a 9 hours shift. 
Time of the day Activity 
8.00 Arrival to forest 
8.00-9.00 Breakfast 
9.00-10.15 Work 
10.15-10.30 Rest 
10.30-11.45 Work 
11.45-13.45 :wnch 
13.45-15.00 Work 
15.00-15.15 Rest 
15.15-16.30 Work 
16.30-17.00 Stop am wait tar transport 
17.00 Leave forest 
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As it can be observed i'l'om table 18 work 
lasted aroun:i 5 hours. The renaining time included rest ani 
walking. when this is carried out by other purposes than work. 
All the foresters performed in th1nn1ng ani 
final. cutting (activities carried out in flat forests); Although 
III!.IIl.Ial. work in th1nn1ng am final cutting at first impresion 
appears very similar. the methods employed are quite different. 
Before explaining how these two activities were carried out. some 
tasks. COlllllOIl to both. will be described: 
• Felling: The trees are cut down using 
power saws. 
• Debranching: After felling the trees 
branches ani cones were cut-off. 
• Cross-cutting: The debra.nched trees are 
cut with power smrs into logs 01' standard 
size (2.44 m). 
• Piling: The logs are III!.IIl.Ial.ly piled in 
places i'l'om where they can be loaded ani 
transported. 
2.2.3.1.1. Final cutting. 
This was team work. carried by a 'power saw 
operator. who felled and CroBS-cut the trees. am 10 axe workers 
who debranched and piled the logs. This group worked across a 
100 m front am the axe O]?et'ators. who worked in five pairs. 
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covered a 20 m road (see figure 4). The separation of the working 
areas for every two workers was built with the brush wood 
debranched. from the trees ani the logs were piled. in the same 
working area. 
The trees in final cutting were ~ to 25 
years old with 23 cm average girth ani they were used. for the 
manuf'act=e of fibre board; theY' could also be used. as a raIf 
material for cellulose. Felling ani cross-cutting were carried. 
out with power saws (St1hl ani Husqvarna) 6 to 7 kg weighing. 
For debranching, Chilean axes 2 kg weight were used. Piling 
was carried. out in two different wa;ys; if the log could be 
lifted. from the grauni it W!I.II taken on the worker's shoulder 
or, if the log could not be lUted., it W!I.II levered ani dragged. 
by two workers, using their axe, ani arrange as the base for the 
pile. The size of the pile is s~ ani named "metro-runa 
Bio-Bio". From nOlf on thiS unit will be referred as "pile-meter" 
ani defined as a pile of 2.44 m length (s~ size for each 
log), 1 m height ani 1 m width. As piling is a work not very 
well known, figure 5a, shOlfS a worker moving a log on his 
shoulder ani fI!;ure 5b illustrates hOlf a log is slided. bY' two 
axe workers. 
2.2.3.1.2. Thinning. 
Thinning was carried. out to some of the 
trees, previousl;y identified, leaving those shOlfing better growth 
for the final cut. When thiS study was performed. thinning was 
1;tT 
• 
Figure 4 
Illustration of a work place in f11lal out 
r'----__________ •. 1 power-saw operator, 100 m ..... ______________ --,j 
2 axe operators 
""---20m __ "w 
2 axe operators 2 axe operators 2 axe operators 
--
-= 
==-
Branches 
= 4 
Pile-meter 
2 axe operators 
-~ 
Figure 5a 
Piling: transport of a log on a worker's shoulder. 
Figure 5 b 
Piling: sliding a heavy log with axes 
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carried out in 10 to 12 years old forests with average tree 
diameter of 14 cm. One power saw operator covered a front of 
200 m am roads were opened every 40 m. Between ~e roads. two 
axe workers debranched am piled the trees. Debranching in 
final cutting am thinning was fairly similar. except that in 
thinning the branches were not cleared from the work site. The 
difference in piling was more noticeable; the logs had to be 
carried to the roads and therefore these workers covered a 
longer distance. Furthermore. as the size of the logs was 
smaller. they were moved only on the worker's Shoulder. It 
was almost impossible to slide them because of the remaining 
trees. Figure 6 illustrates a work place 'in thinning. 
One aspect which was very important when 
deciding the methods to estimate energy expeI¥Uture at work 
was that piling and debranching are carried out by the same 
workers. working half' a day in each activity 
~------------------------------------------------------. 
I 
.2 ax e 
operators 
LI_.. .._...11. 
40m 
• 
Figure 6 
Illustration ot a work place in th1nn1ng 
1 power saw operator, 200m 
2 axe 
operators 
J 
2 axe 
operators 
'road: 4m 
2 axe 
operators 
= 
2 axe 
operators 
/ 
pile-meter 
I 
2.2.3.2. Methods for the estimation of energy expenditure at work. 
At the beginning of this study. the energy 
expeniiture at work was going to be obtained from KM measurements 
• 
of V02 citn'ing selected activities. The method had been tested in a study 
in a car assembly factory- ani no problems were faun:! to take 6 
measurements from each of 12 subjects. However. with the forestr:y 
workers problems impossible to solve were faun:!, mainly because the 
workers were totally or partially edentulous. It was soon uMerstood 
that an alternative approach would be needed. The est:1nation of energy' 
expeniiture from standard tables (Durn1n ani PasslllOre, 19(7), could 
not be carried out at work. since some of the tasks, like piling, are 
not given ani because. the errors of estimation if the work is carried 
out unier different coniitions, can be large. Therefore only two 
alternatives were left: not to carry out 8SlY estimation of energy 
• expeniiture or to use the relationship between V02 ani re so as to 
• 
estimate 1n1irectly the V02• It was deeided to solve the problem by 
studying whether this relationship was valid for the types of work 
unier study. For this purpose 112 s1m.tltaneous measurements of to2, 
with the KM respirometer. ani fC were ob.ta1ned in five selected 
activities: debranching, piling. sawing. fire s1nulation exereises 
ani planting. For each subJeet fC was converted to V02 frem his 
1ni1v1dual regression equation obtained frem the exereise test 
carried out in the laboratory. This procedure was explained in ehapter';' 
(see methods). To test the statistical s1gn1fieance of the est:1nates, 
paired t tests were carried out for each activity group. The regression 
• • lines between V02 measured from 1ni1reot calor1metr:y ani V02 estimated 
frem fC, for the different activities, were compared by analysis ot 
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covarianoe. 
The indepement measurements of re were 'carried out 
as follows. As shOlffi in table 18, work is divided into 4 activity 
periods lasting aroum 1 hour am 15 minutes each. Cardiac frequency 
was cont1nuosly telemetered during one of :those periods. The axe 
workers were observed on two different ocassions: one debranching 
am one piling. The same procedure was used to stud3' the axe workers, 
but their activities were similar throughout the day. Cardiac frequency 
was counted every secom mimlte am the activity carried out recorded. 
The total nuniler of re measurements am the time for these observations 
are given in table 19. 
Table 19 
Number of re counts, total hours of observation am average hours of 
telemetry per worker. 
Activity Number of Time (hours) . 
re counts Total Average per 
worker. 
Axe workers, final cutting ZT 1781 59.4 2.20 
Axe workers, thinning 22 ll54 38.5 1.75 
PCMer saw operators 8 565 18.8 2.35 
As the measurements of re provided information about 
actual work, it was necessary to analyse the behaviour of the workers 
during the 9 hours sh11't. For this purpose, assistance was requested. 
from the Forestry Department of the University of Concepcion. A forestry 
spec1alist, together with three students, carried out a time am motion 
study". The design was ve'1!Y simple s:lnce the aim was to f1n:l out 
the average time spent resting and eating, wallt1lIg ani at aotual 
work. 
With this information. the oalculations of energy 
expemiture at work were carried out as follows. The fC values were 
ooded into data sheets ani lUlal.ysed using a oomputer prograrmue. This 
was oarried out for eaoh subJeot am eve'1!Y single value of fC converted 
to V02 by means of the subJeot I s regression equation for these variables. 
The equation had been previously obtained in the laboratO'1!;/ (see 
ohapter 3. methods). Mean values of est1nated '3"02 am fC were obtained 
for misoellaneous work, main task ani reoove'1!Y. The computer also 
printed the mean value for the whole period of observation. This was 
taken as representative of the 5 hours work. For the axe workers the 
final value was obtained considering 50 '" of the time spent piling 
ani 50 '" spent debranohing. The energy expemiture during the rest 
of the time in the forest. was estimated from values of energy oost 
of activities (Durn1n ani Passmore, 1967). 
2.2.3.3. Methods for the est1nation of energy expeMiture in non 
ocoupational activities. 
The est1nation of habitual activity during leisure 
hours and sleep was originally planned to be carried out with the 
time budget of dally activities, proposed by the IBP/HA (We1ner and 
Lourie, 1981). For this population, the time budget was absolutely 
1mpraotioal ani a descriptive interview was adopted. The questions 
were v8'1!;/ simple. e.g. What did you do when arrived home? HOIf long 
did it take ? And after? an:! so on until the moment they went to 
sleep. The time for eaoh aotivity was requested to the nearest 5 
ndmttes. They were also asked. with the same procedure, about 
aotivities in the morning from the moment they woke up until 
arrival to the plaoe from where transport started to work. The day 
before the interviews were oarried out. simple proformas were given 
to the workers. but the results were even worse than with the food 
intake forma. Therefore. the habitual aotivity was estimated from 
the average times deduoted f'rom two interviews. 
Energy expenditure in non ocoupational aotivities 
was oaloulsted from values of energy oost of activities as 
proposed by Durn1n an:! Passmore. 1967). The time in each of these 
aotivities was estimated as explained. For the time spent sleeping 
allCM8llOes were made for body weight an:! body fat. Walking was 
estimated at a speed of 4.8 kmh. for resting and eating similar 
values were taken (table 3.5. Durn1n an:! Passmore. 1967). For 
washing. dressing. shaving and toilette neoessities. the reoommeniations 
of Durn1n and Passmore were also follCMed: a value of twioe the sitting 
rate. for personnal neoessities lasting ten ndmttes or less. and a 
value of one and a half the sitting rates for longer periods. The 
estimated energy expenditure was corrected for body we1ght d1v1d1ng 
the figure by 65 (the standaJ:od weight for which they are given in 
the tables) an:! multiplying by the body weight of the subject. 
2.2.4. Studies applied to fire control simulation. 
These studied were carried out in a group of 15 
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axe workers an::l power saw operators who had just completed their 
tra:Ln1ng as firemen. The tasks evaluated consisted of opening fire 
breaks. V02 an cardiac frequency were measured simultaneously as 
already described. Another day. :re was also telemetered every 
second minute for approximately one hour. Fire breaks are opened 
with different tools illustrated in Figure 7. When the evaluations 
were carried out. the rhythm of activity was kept as close as 
possible to the working speed adopted in a real fire situation. 
For a detailed description of the different tools an::l techniques 
for fire control. reference is made to Carcamo (1980) 
Figure 7 
Tools employed in Chile for opening fire breaks. 
From left to right: hoe. soythe. spade an::l rake. 
2.2.5. Studies applied to planting work. 
The planting study was carried out during June, 
July am August 1979. Three workers selected by the National 
Corporation of forestry from the usual applicants for this seasonal 
Job were studied. After selection, the workers were trained for a 
month in the correot uae of the three tools to be evaluated. These 
were a planting drUl, a hoe am a German tool called "axe_hoe" 
which are shOl'lll in Figure 8. More deta11s on tools am planting 
teohniques oan be made by reference to Caroamo (1980) who published 
a comprehensive review on the subJeot. 
After the subjects were trained, field evaluations 
were carried out to test the three tools in two different types of 
so11, sam am olay. Eaoh worker was observed 2 complete days 
working with each tool. This part of the study, which lasted two 
month, provided information on the average number of trees planted 
by eaoh worker with the three tools in both types of soU. The 
observations in the field were carried out by 4 forestry speoialists. 
Apart from the time analysis, measurements of 'lt02 were oarried out 
• to est1nate the energy expeM1ture. V02 was measured for ten 
minutes in eaoh of the ooMitions under evaluation am, every time, 
the trees planted during the whole period were oounted. Two years 
after the study was finished, the forestry speoialists evaluated 
the survival of the young trees, an important aspeot when deoiding 
whether a tool is more effioient or not. 
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Figure 8 
Characteristics ot the planting tools 
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3. Results. 
3.1. Food consumption survey-. 
Table 20 shows the mean values. standard 
deviations and range for the energy and nutrients intakes of 91 
forestry workers who completed 319 daily assesments. It can be 
observed that the carbohydrates intake is 649.2 g, providing 75 ~ 
of the total energy intake. The contribution of fat and protein 
to the daily energy intake is 13 am 11 ~ respectively. As the 
mean values presented in table 20 were obtained from 24 hours 
recall and from the combined technique. the mean values obtained 
from the separate techniques are given in table 21. The results shown 
in table 21 are only for week days, since it was observed that the 
energy and nutrients intakes over the week em temed to be 
different. This was confirmed by the statistical analysis shown 
in table 22. 
Table 2.3 shows the mean values and 
stamard deviations for energy. protein. fat and carbohydrates 
consumed at work and elsewhere. In table 24 can be observed 
the mean values and the percentage for energy and protein provided 
by various foods. From the table it can be seen that bread 
prOVided 63.7 ~ ot the total energy intake and 48.2 of the protein 
'intake. AniDBl protein consumption reached an average of, 20.9 g 
per 24 hours (22.4 ~). 
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Table 20 
Mean values, standard deviations ani range for IDltrients ~ energy 
intake of 91 forestry workers. 
Energy and IDltrients unit Mean S.D. 
Energy koal 3433 666.0 1955-5529 
Energy MJ' 14.4 2.8 8.2-23.1 
Protein g 92.6 28.3 47.4-234.6 
Fat g 49.9 16.2 21.6-148.8 
Carbohydrates g 649.2 138.0 342.8-1072.0 
Fibre g 7.6 3.0 2.1-31.7 
Ca10ium mg 661.8 454.0 264.0-4907 .0 
Iron mg 24.9 6.0 13.2-53.9 
Retinol mcg 299.9 193.0 0.1-999.9 
Thiamin mg 2.4 0.5 l.3-4.4 
Riboflavin mg 1.7 0.6 0.8-4.9 
Nioot1n1o ac1cl mg 21.4 7.1 8.6-67.0 
Vitamin C mg 87.8 55.7 0.1-435.4 
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Table 21 
Comparison ot energy, protein, tat ani carbohydrates intake assesed 
by" recall am by" a combined technique in 91 Chilean torestry workers. 
Energy am nutrients Unit Technique t value 
Combined Recall 
Energy kcal 3486 34C1T 0.99 
Energy MJ 14.6 14.3 0.99 
Protein -g 92.1 87.0 1.57 
Fat g 49.0 47.4 0.96 
Carbohydrates g 674.1 664.0 0.58 
No s1gn1ticant d1ti'erences were tourn. between Bn3' ot the mean" values; 
t test p (0.05 
Table 22 
Comparison ot energy, protein, tat ani carbohydrates intake on 
working days ani aver week ends in 91 Chilean torestry workers. 
Energy am nutrients Unit Work days Week ems t value 
Energy kcal 3453 3377 0.86 
Energy MJ 14.5 14.1 0.86 
Protein g 89.9 100.2 2.44* 
Fat 48.4 54.2 " " g 2.~ 
Carbohydrates g 669.9 590.4 4.55* 
* Mean values s1gn1ticantly d1ti'erent; t test p (0.05 
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Table 23 
Mean values and standard deviations for energy, fat, protein and 
carbOhYdrates intake at work and elsewhere in a sample of 91 
Chilean forestry workers. The results are also expressed as 
percentage of the daUy intakes. 
Energy and nutrients 
Energy 
Energy-
Protein 
Fat 
Carbohydrates 
Units 
At work 
Mean S.D. 
koal 24ll 617 
MJ 10.1 2.6 
g q,.0 21.6 
g 33.5 ll.7 
g ~7.0 126.0 
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Intakes 
70 
70 
69 
69 
60 
Elsewhere 
Mean S.D. 
1035 470 
4.4 2.0 
26.9 15.0 
14.9 8.4 
202.9 93.0 
30 
30 
31 
30 
40 
Table 24 
Energy am protein intakes from different foods. expressed as 
percentage of the total :Intake. 
Groups of food Energy Protein 
koa1 KJ g 
'" 
Milk and eggs 91.7 384 2.7 8.8 9.4 
Meat and fish 83.5 349 2.4 12.1 1).0 
Legumes 94.0 393 2.7 5.6 6.0 
Bread 2202.9 9217 63.7 48.2 51.7 
other oerea1s 2~.0 1200 8.3 9.1 9.8 
Vegetables 219.3 748 6.3 8.0 8.6 
Fruita am mrts 90.3 378 2.6 1.0 1.1 
Sugar am Jams 253.6 1061 7.3 0.0 0.0 
Filts 82.9 347 2.4 0.0 0.0 
Aloohol 45.3 189 1.3 0.1 0.1 
Misoelaneous 8.3 35 0.2 0.3 0.3 
• 
,.2. The validity of the prediction of V02 from fe. 
To analyse the validity of fe as a predictor 
• of V02, in the types of work under study, the measurements of fe 
• obtained simulatenously with the estimation of v02 by indirect 
• 
calor1metry, were converted in V02 • This was carried out by means 
of the regression equation obtained, for each subject, from the 
relationship of t02 and fe measured during, submaximal exercises 
on a cycle ergometer. For each subject, his own equation was used • 
• The relationship between V02 and re from the laboratory measurements 
on the cycle ergometer is shown in Figure 9. 
Table 25 shows the statiscal analysis for the 
mean values of V02 measured by indirect calorimetry and V02 
estimated from fe. This analysis was carried out for the total group 
and for five different activities: debranching, piling, sawing, fire 
Simulation exercises and planting. As it can be observed from that 
table no significant differences were found between the mean values 
for any group of activities neither for the total group. Covariance 
analysis was carried out to analyse differences in the regression 
• lines for V02 measured by indirect calor1metry and estimated from 
fe. It was found that the overall regression line was an adequate 
fit to all the groups. The covariance analysis is shown in table 26 
while Figure 10 shows the regression analysis for the total number 
of measurements. 
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Figure 9 
• Relationship of V02 and fC measured on a cycle ergometer in 
• 57 subjects who exercised at three work loads • 
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/ 
fe 
beats 
min- I 
Table 25 
• Mean values and standard deviations for V02 measured b~ indireot 
oalorimetry and estimated from fC in various forestry aotivities. 
Aotivity n V02 1 m1n-
1 STPD 
Measured Estimated from fC 
Mean S.D. Mean S.D. 
Debranching 33 1.38 O.'Z( 1.38 0.32 
Sawing 11 1.39 0.25 1.43 0.28 
Piling 29 1.42 O.~ 1.44 0.20 
Fire sinrulation 12 1.4, 0.34 1.49 0.32 
Planting 'i!7 1.69 0.30 1.67 0.38 
Total group 112 1.46 0.30 1.49 0.32 
No signifioant differenoes were found between the mean values for 
similar aotitivities nor for the total group; paired t test p < 0.05 
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Table 26 
Comparison of the regression lines for the relationship of V02 measured by indirect ca1or1metry a.rxi V02 
estimated from re in five different forestry activities 
Source of varianoe SSQ DF M3Q F Ratios DF 
BE'lWEEN BHAT AND BEAR 0.035 1 0.035 1) 1.0712 (1.102) 
DEVIATIOm OF GROUP foEAW 
ABOur THEIR REGRESSION LINE 0.161 3 0.054 2) 1.6409 (3.102) 
BE'lWEEN INDlVIDuu, SLOms 0.243 4 0.061 3) 1.8531 (4.102) 
RESIDUAL 3.354 102 0.033 
ABOur OYERALL LINE 3.795 110 
DUE TO OVERALL LINE 7.615 1 7.615 4) ~1.6 (1.102) 
TOl'AL 11.410 111 
The probability of f (4) being greater or equal to this value is 0.00000 ", 
* Reject the null hypothesis of no assooiation (i.e. Slope B=O) between xII: y for the overall or total group 
_ at the 1 ", level of s1gn1tioance 
The probability of F (3) being greater or equal to this value is 12.3 ", 
* Aocept the null hypotheSis that the group regression lines are parallel 
The probability of F (2) being greater OZ! equal to this value is 18.3 ", 
* Aooept the null hypothesis thet the group means do not depart s1gn1tioant1y from the group means regression line 
The probabil1ty of F (1) being greater or equal to this value is 30.4 ", 
* Aooept the null hypothesis that the group means regression line is parallel to the group regression lines 
**** The overall OX! total group regression line is an adequate fit to all groups. 
Figure 10 
• Relationship between V02 measured by indirect calor1metry (KM) and 
~O~ estimated from fC mea.51.U'ed s1llul.taneous~ during various 
/ 
forestry activities. 
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3.3. Study of energy expenditure over 24 hours in 57 axe workers and 
power saw operators. 
3.3.1. Physical characteristics of the workers. 
Although physical characteristics were presented in 
the previous chapter, a summary is given here of the age, body weight, 
stature, fat mass as percentage body weight and kg FFM of the 57 
workers participating in the daily energy expenditure study, which 
can be observed from table 27. 
Table 27 
Physical characteristics of 57 workers partiCipating in the study of 
energy expenditure over 24 ho=s 
Physical characteristics Unit Mean S.D. 
Age a 32.8 9.9 
Body weight kg 65.0 9.1 
Stature m 1.66 0.054 
Fat mass '1> Body weight 14.1 5.8 
Fat free mass kg 55.4 4.9 
• 1 min-l V02 max STID 3.00 0.5 
• -1 -1 V02 max STH> ml. min kg 47.0 8.4 
t02 malt STID ml. min -1 kgFFM-l 54.0 8.6 
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3.3.2. The estiDBtion ot energy expeo:i1ture at work. 
3.3.2.1. The results for the time analysis. 
In table 28 are shown the results from the 9 
hours time analys18 carried out by the forestry specialists._This 
estimations were obtained from one complete day of observation in each 
of the 57 subjects. 
Table 28 
Mean values, standard deviations and coefficients of variation for 
the time spent working, walking and resting of 57 forestry workers 
during a 9 hours shift. 
Activity 
Mean 
Working 
Resting 
Walking 
Time (hours) 
S.D. 
0.47 
0.30 
0.05 
Coefficient 
of variation (~) 
After discussing the results shown in table 28 
with the forestry specialist who directed the time analysis~ his 
recommendation was to consider the mean values for the calculations ot 
energy expenditure. The reason to suggest these times was that the main 
differences between workers, in the time Sll8nt in each activity, were 
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determined by the walking times. impossible to predict 1ndiv~ually 
from one day observation. This was because they do not work in a fixed 
place. Therefore. the calculations of energy expemiture at work. which 
will be shown. were carried out assuming 5 hours actual work. 3.5 hours 
rest aId 0.5 hours walking. It should be emphasized that walking should 
be interpreted as walking when not related to work. e.g. t1me to go from 
the place of arrival to the working areas. 
3.3.2.2. The estimation of energy expemiture during five hours 
actual work. 
As it was not possible to complete all the 
required measurements by 1nd1rect calor1metry. aId re proved to be 
valid to predict ~02 in the types of work urder study (tables 25 aId 
26. figure lO).the -energy expemiture for the five hours actual work 
was obtained from fC. as explained in the section methods. The axe 
workers during thinning aId final cutting were studied on two 
ocassions. for approximately one hour each. so as to estimate the 
• 
V02 from re while debranching aId piling. Knowing that the axe workers 
spent 50 '1> of the shift piling aId the rest debranching. the final 
• V02, estimated from the measurements of re. for five hours work. was 
calculated from the average V0
2 
of piling aId debranching. The pcMer 
SIlJf operators were also studied on two ocassions but their activities 
• are similar for the 9 hour shift. The results for V02_ est1llBted from 
-1 
re aId expressed in 1 m1n • are shown in table 29. In the same table 
are given the mean values aId standard deviations for re obtained 
from the telemetric measurements in the three groups ar subjects. No 
s:lgn1f1cant differences were founi between the mean values for re aId 
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• for V02 estimated fioom f'C for arr:r of the activity groups. 
Table 29 
Mean values and stamard deviations for f'C measured by telemetry and 
~02 estimated fioom f'C. 
Activity groups n re v~ 
beats -1 m1n 
-1 
1 m1n 
Mean S.D Mean S.D. 
Axe workers, final cut Zl llO II 1.Zl 0.22 
Axe workers, thinning 22 112 10 1.35 0.26 
Power saw operators 8 109 6 1.36 0.19 
No s1gnU'icant differences were found between arr:r of the mean values; 
t test p < 0.05 
To ill~trate_ how the final values 
shown in table 29 were obtained, figure II shCM the mean values and 
stamard deviations for ';02 estimated fioom f'C during the main task, 
while carrying out miscellaneOUS". work and duriIlg recovery. -The time 
spent in each of these activities was observed during the telemetric 
measurements of re and the results, expressed as percentage of actual 
work, are given in figure 12. The results are shown separately, in 
figures II and 12, for piling and debDanching in final cutting, piling 
and debranching in thinning and pCMer saw work. It should be enqilasized 
that recovery is not synonymous of rest. The former correspom to 
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short breaks after intensive lab=. Miscellaneous activities, which 
amounts between 16 and 20 ~ of the working time, includes various 
tasks of different nature, not related to the nain activity. 
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Figure 11 
, -Mean values am. stamard deviations for V02 estimated from f'C during work divided in !lain aotivities, 
reoovery periods am. misoellaneous tasks 
1 a 1 b 2a 2b 3 1a 1b 2a 2b 3 
Main Activity Miscellaneous Tasks 
-
1a = Axe workers debranching in final cut 
1b= Axe workers piling in final cut 
2a= Axe workers debranching in thinning 
2b= Axe workers piling in thinning 
3 = Power saw operators 
1a 1b 2a 2b 3 
Recovery 
Figure 12 
Percent of the five hOurs actual work spent in the main aotivity, misoellaneous work ani reoovery 
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Having est1nated V02 in 1 m1n-1• the energy 
expenditure f~ 5 hours aotual work was oaloulated for eaoh subJeot 
multiplying the estimated V02 for 4.92 for the oonversion to koal 
and by 300 to obtain koa1 for 5 hours work. The resul.ts were also 
expressed in M1 by dividing the est1nated kcal for five hours work 
by 239. The resul.ts for the est1nated energy expenditure f~ 5 
hours work. expressed in koal and MJ. are shown below 
Table 30 
Mean values ani standard deviations for energy expenditure during 
five hours aotual w~k est1nated from telemetrio measurements of 
fe. 
Aotivity groups n 
Axe w~kers. final out ~ 
Axe 1f~kers. thinning 22 
Power saw operators 8 
Total group 57 
Mean 
1874 
1985 
2007 
1950 
Energy expen:l1ture 
kcal M1 
S.D. Mean 
7.8 
8., 
8.4 
8.1 
S.D. 
1.4 
1.6 
1.0 
1.4 
No s1gn1f'icant differences were found between the mean values f~ ~ 
of the activity groups; t test p < 0.05. 
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3.3.2.3. Comparison of energy expenied in five hours work obtained 
from KM measurements and from fe. 
The measurements of energy expenditure 
obtained by iniirect calorimetry were by no means complete. They 
were carried out only during the main tasks and no miscellaneous 
activities were measured. Short breaks existed since the workers 
were required to behave in the most natural way. The nain problem was 
the axe workers since they did debranching and piling work. with 
only 13 out of the 49 subjects being measured in both activities • 
• However as shown in table 25 the mean values for V02• measured 
-1 
with the KM respirometer. were 1.42 and 1.38 1 min for piling 
and debranching respectively; the difference was not s1gnif'icant. 
Having considered all these limitations of the KM measurements. 
energy expenditure was calculated for the 5 hours of work and 
compared with the same values obtained from fe. The mean values 
are shown in table 31. It can be observed from that table that. 
tor 5 hours at work. the mean value obtained from iniirect 
calorimetry was 94 kcal higher. A paired t test showed no signU'icant 
differences between the mean values. A regression analySis was also 
carried out which is shown in figure 13. It shows a coefficient of 
correlation of 0.61 which is lower than r - 0.82 obtained for the 
same relationship when the measurements of V0:2 and fe were carried 
out s1nul.taneously (figure 10). 
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Table 31 
Mean values and standard deviations for energy expenditure during 
five hours actual work estinated trom KM measurements and trom 
re in 57 forestry workers. 
Estlnation trom 
KM measurements 
fC measurements 
Energy expenditure 
kcal MY 
Mean 
2044 
1950 
S.D. 
3C1l 
345 
Mean S.D. 
8.6 
8.2 
No s1gn1f'icant differences were found between the mean values; 
paired t test. p < 0.05 
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Figure 1,3 
Relationship between energy expemiture estimated from KM measurements 
• 
am from fC measurements dut':lng 5 hours actual work in 'iT forestry 
workers. 
y = 533 +0'700x 
r = 0·61 
SEE:!: 254 
p < 0·01 
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3.3.2.4. The estimation of energy expeIXliture for 9 hours in the 
forest. 
The results for the estimated energy 
espeIXl1ture during a 9 hours shift are shown in table 32. These 
were calculated assuming 5 hours work. 3.5 hours rest and 0.5 hours 
walking. For actual work the energy expeIXl1ture was estimated from 
re and for walking and resting from Durn1n and Passmore (1967). as 
explained in the methods. 
Table 32 
Mean values and standard deviations for energy expeIXliture 
estimated from re and from Durn1n and PasslllOre (1967) for 
nine hours of permanence in the forest. 
Activity groups 
Axe worIters. final cut 
Axe workers. thinning 
POII'er saw operators 
Total group 
n 
22 
8 
57 
Energy expeIXli:ture 
kcal 
Mean 
2256 
2367 
2477 
g324 
S.D. Mean 
9.44 
9.90 
10.36 
9.73 
S.D. 
1.4 
1.7 
1.1 
No significant differenCes were tcnmi between IUI7 of the mean 
~:... ~ - ~ 
values; t test p {0.05 
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3.3.2.5. The physical work load for five hours actual. work and 
for nine hours spent in the forest. 
Before presenting the results for the 
estimated energy expenditure during non occupational activities. 
V02 was expressed as percentage '0"02 m8x as an index of physical 
work load. These calculations were carried out for 5 hours of 
work and for the complete shift. The results are SUllJllU'ized 
below. 
Table 33 
• Mean values and standard deviations for V02 estirm.ted from re 
expressed as percentage of V02 max. during five hours actual. 
work and for 9 hours in the forest. 
Activity groups n 'O"~02 max x 100 
5 hours work 9 hours in forest 
Mean S.D. Mean S.D. 
Axe workers. final cut 'Zl 43.3 8.9 28.9 5.1 
Axe workers. thinning 22 46.8 8.1 )0.8 4.8 
Power saw operators 8 44.7 10.4 29.5 6.4 
Total group 57 44.9 9.0 29.7 5.2 
No s1gn1flcant differences were fOUDi between a:rry of the mean values; 
t test. p(0.05. 
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3.3.3. The est1llation of energy expenditure at leisure and during 
sleep. 
Table 34 shCMs the mean values and standard 
dev1ations far the time spent in various physical activities and 
during sleep. No stan:iard dev:la.tion is given far values during 
transport to and trom work. This was scheduled and took appraldmately 
one hour far the return Journey. Table 35 shows the mean values 
and standard deviations far the est1llated energy expenditure at 
leisure. asleep and the complete t1me out of work. The results in 
tables 3Jt: and 35 are shown for the total group of 57 subjects 
because no significant differences were found between any of the 
activity groups. 
Table 34 
Mean values and standard deviations far habitual activities and sleep 
from a sample of 57 forestry workers. 
Activity Time (hours) 
Mean S.D. 
Washing and dressing 0.31 0.08 
Walking 0.76 0.26 
Transport to and from wark 1.00 
Resting and eating 4.96 0.65 
Sleep 7.96 2.82 
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Table 35 
Mean values and standard deviations for the estimation of energy 
expenditure at leisure. sleep and for the total time out of work. 
Activity 
Leisure 
Sleep 
out of work 
time 
Mean 
6gr 
520 
1217 
Energy Expenditure 
kcal MJ 
S.D •. 
83.8 
43.1 
106.0 
Mean S.D. 
0.35 
0.18 
0.44 
3.3.4. Daily energy expenditure and its relationship to energy intake. 
Table 36 shows the mean values and standard 
deviations for energy expenditure and energy intake for the total 
group of 57 subjects as well as for the three activity groups. '!he 
individual mean values for energy intake were calculated from the four 
days of assesments carried out in each of these subjects. Table 35 
shows no significant differences between the energy intake and energy 
expenditure for any of the activity groups. For the total group the 
difference between the estimated energy expenditure and the energy 
intake was -23 kcal (-92 MJ). A correlation analysia was also carried 
out to find out if there was any relationship between energy expenditure 
and energy intake for individual subjects. Despite the mean values not 
being significantly different. the coefficient of correlation (1' .. 0.21) 
revealed practically no relationship between these var1al:lles. nds 
is shown in Figure 14. 
~ 
Table 36 
Comparison of daily energy intake and energy expenditure fr:J1.' fr:J1.'estry workers classified by activity 
groups and fr:J1.' the total group. 
Activity groups n Energy intake (El) Energy expenditure (EE) El~ 
-
---- ~,.. ID kcal MJ kcal ID kca1 
Mean: S.D. Mean S.D. Mean S.D. Mean S.D Mean Mean 
Axe wr:J1.'kers, final cut ZT 15.1 2.3 3616 560 14.6 1.9 3487 444 +0.54 +129 
Axe wr:J1.'kers, th1nning 22 14.2 2.2 3382 538 14.9 2.0 3554 490 -0.72 -172 
Power saw operators 8 16.2 3.4 3874 541 15.6 1.0 3729 273 +0.61 +145 
Total group 57 14.7 2.3 3519 554 14.8 1.7 3541 401 -0.09 - 23 
No sign~fioant differences were found between energy intake and energy expenditure of any group; 
paired t test, p 0.05 
Figure 14 
Relationship between daily energy intake ani energy expenditure 
r = 0.215 Not significant 
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3.4. Physical characteristics, energy intake and energy expenditure. 
A matr:lx of correlation was performed between various 
physical characteristics, energy intake ani energy expeIXiiture. 
For simplicity, table 37 shows o~ the coefficients of correlation 
for energy intake and physical characteristics and for energy 
expeIXiiture and the same variables. Energy expenditure was found 
to be related to body weight ani FFM, but this was not surprising 
since energy expenditure was already corrected for body weight, 
except for the 5 hOtn's actual work estimated from fe. As it can be 
observed from table "5l energy expeIXiiture was also s1gnif'icantly 
• -1 
correlated to V02 max, when expressed in 1 min • This relationship 
is shown in figure 15. 
Table 37 also shows that energy intake proved to be 
s1gn1ficantly related to FM. FFM and body weight. The better 
association of energy intake was with body fat ani. therefore, 
the regreSSion relationship is shown in figure 16. 
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Coefficients of correlation for energy intake and various physical 
characteristics and for energy expenditure and the same variables. 
Physical characteristics Units Energy Energy. 
intake expeDiiture 
r r 
Age a 0.16 0.25 
** ** Body weight kg 0.45 0.40 
Stature cm 0.29 0.26 
Fat mass 'f, body weight 0.49"'-- 0.21 
** ** Fat free mass kg 0.30 0.47 
~02 ma.x STPD 1 min-l ** 0.;?3 0.42 
~02 ma.x STPD ml min-lkg-l -0.10 0.07 
'102 ma.x STPD ml min-
l kgFFM-1O.07 0.18 
** p 0.01 
Figure 15 
-
-Relationship between V02 IIIIIX am daily energy expen:iiture 
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Figure 16 
• 
Relationship between percentage b0d7 fat ani daily energy intake 
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3.5. Studies applied to fire s1nulation exercises. 
Table 38 ShCMS the mean value, standa.rci deviation 
and range for fC measured during fire s1mul.ation exercises. The mean 
value was obtained from the average fC for each subject studied. In 
• table 38 have also been included the results for V02 measured by 
1n:iirect calor1metry (already shown in table 25) and for "t02 
• 
expressed as percentage V02 1IBlt. According to Christensen (1953) 
the average fC and "t02 are in the upper 11m1t of moderately heavy 
work. However, as it will be discussed later on, under a real fire 
situation this work might become unduly heavy. Figure 17 ShCMS 
re expressed as percentage cumulative frequencies. It can be seen 
from figure, that 64 1> of the fC counts were between 100 and 125 
-1 1 beats m1n , only 14 1> below 100 beats min- and the rema1n1ng 
-1 
22 1> corresponi to peak loads over 125 beats min • 
Table 38 
• Mean values, standard deviations and range for fc, V02 and ~02 
• 
expressed as percentage V02 IIBlt in a samp1~ of 12 f~men. 
Variables Unit Mean S.D. 
re beats min-1 119 13 90 - 140 
• 1 min-1 V02 5TH> 1.43 0.34 1.00 - 2.05 
'10.fV'02 IIBlt 1> 47.0 10.6 31.3 - 65.7 
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Figure 17 
Cummulative frequencies for re taken from 12 forestr.1 firemen in fire 
• 
sinrulation exercises. It is based on 358 fC counts meas~ ever.1 2nd 
minute· dur~ ~ppra:timate;tY'-1_ hour in each subject. 
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3.6. studies applied. to planting work. 
• The mean values for ZT measurements of V02 
carried out on these workers was shown in table 25. In table 39 
• 
are sUlll!lBrized. the results for V~ according to the tools and types 
of soil in which theY' were evaluated.. The results were expressed 
as per m1 kg-1 planted. trees -1. This form of expression was 
adopted to compensate for differences in the speed of work during 
• the V02 measurements urder the con:Utions being compared. The mean 
values presented. in table 39 correspon:1 to 3 measurements with 
each tool in clay soil and 6 measurements for each tool in samy 
soil. From a physiological point of view, it was foun:1 that planting 
in samy soil was lighter that planting in claY' soil a.nd the hoe 
appears as the most suitable tool in both types of soil. In the same 
table are shown the mean values for the 1n:1ependent observations 
of work output carried out by specialists in time and motion 
analysis. As it can be observed, the results of the physiological 
studies were in agreement with the data provided. bY' the technical 
study. 
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a 
Table 39 
• -1 -1 Mean values, standard deviation and ooeffioient of variation far V02 (ml. kg planted tree, ) during planting 
work unier various oon:l1tions and mean values for work output from time and motion analysis oarried out as 
1ndepeD1ent measures. 
Type of sol1 Tool 
hoe 
ClAy+ axe-hoe 
seed-dr111 
hoe 
++ 
Sand axe-hoe 
seed-dr111 
V02 ml kg-l planted tree-
l 
Mean S.D. Coefficient of 
variation (i). 
8.6 0.2,} 2.7 
11.4 0.60 5.3 
10.2 0.15 1.5 
6.5 0.26 4.0 
7.5 0.28 3.7 
9.2 0.31 3.3 
Work output 
(planted trees per hour) 
Mean 
80 
53 
58 
115 
93 
82 
+ The mean values far work 1n olAy were oaloulAted from 3 measurements of V02 with eaoh tool 
++ The mean values for work 1n sand were oalculAted from 6 meaSurements of V02 with each tool 
To find out whether the trend observed for 
the mean values (table 38) applied to individual subjects. a 
correlation analysis was carried out. The results shown in figure 18 
were obtained by plotting the subJect's V02 obtained from the 
studies with each tool in sand and clay. against the. independent 
aversge work output. for s1nrflar conditions of work. obta1lled fioom 
the time and motion analysis. '!be figure shows that there was a high 
• -1 -1 
negative correlation between V02 ( ml kg planted tree ), 
measlU'ed under experimental conditions and the observed output. 
The most interesting aspect of this relationship is that the time 
and motion studies were carried out on different days. The results 
• 
clearly suggested that the higher the V02 per un1t work. the lower 
the individual output in a real work situation. 
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Figure 19 
Relationship of V02 (ml kg-l planted trees-
l ) and work output 
• 
expressed as planted trees per holn' 
• V0 2 
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4. Discussion. 
4.1. Methodological aspects. 
In a study of this nature. it is convenient 
to start the discussion by analysing whether the methods employed 
were accurate enough to provide the required information. Apud (1978) 
in his conclusions pointed out that with better equipment many of the 
unknown problems within the Chilean forestry industry could be 
studied. However. the equipment used for this study. although limited. 
was enough to plan the work using standardised procedures as proposed 
by Weiner and Lourie (1981). The main problem was the population to 
be studied. It 1s not possible to state that the sUbJeots were not 
oooperat1ve. They did their best. The lack ot acoeptance of some ot 
the methods has been descr1bed 10 several populat1ons. For example. 
the refusal to the weighed inventory method ranges trom 3 '1>. as g1ven 
by Thomson (1958) 10 his study ot pregnant women. up to 31 'I> as 
reported by Durnin. Blake. BrOCkway and Drm7 (19151) 10 elderly women. 
The workers 10 this study did not mind. talking about their eating 
habits. but the main reason tor not acoepting repeated weighing was 
that they were very oonsc1ous ot the monotony of their diet and they 
were embarrased to show us their tood. It has to be remembered that 
they were a group of labourers stud1ed at work and. therefore. they 
behaved oolleotively. Although pr1vacy was exercised as tar as 1t was 
possible. the Jokes trom their oolleagues when the workers were stud1ed 
were unavoidable. Similar problems were taced when trying to oa.rry 
\ 
out studies 10 their homes. Th8 oottages Were they lived were small 
and poor and there was no good reason for them to acoept any measurements 
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to be taken in their houses. After all the team carrying out this study 
spent several month living in their villages ani it would have been 
easy to carry out food weighing ani reoordings of habitUal. activity 
during the evenings. The only faoilities given by the workers for 
aooess to their homes were at the em. of the study, by then they 
knew ani had oonfidenoe in the team. They agreed to llIIIke appointements 
in order to discuss the recipes of every day meals together with 
their wives or mothers. These interviews always took plaoe outside, 
on the patio where they offered tea, fruits ani "tortillas" (the looal 
bread) as a way to be hospitalable and ShCM their aooeptance to our 
visits. HCMever, they systematioally avoided giving us aooess to the 
insides of their houses. These oomments are important beoause there 
is a difference between reluotanoe to oooperate ani their deoision 
for privaoy. After all, as they oommented at the em. of the studies, 
they regarded our team as a group of outsiders, suddenly appearing in 
a small oountry village trying to intrude at work ani in their private 
lives. 
A great deal ot effort was conlientrated 
in expla:l.n1ng in simple terms the prooedures ani aims ot the research. 
Acoordingly, each subJeot exercised at three work loads on a cycle 
ergometer, 34 anthropometrio measurements were taken, 3 or 4 24 hours 
food oonsumption assesments were oarried out, one or two measurements 
with the KM respirometer were taken dur1J:lg-aotuAl:.worlc, their re was 
telemetered tor 1/4 ot the shift on two ooaBsions, the7 were interviewed 
regarcifJ2g their habitual activ1ty ani observed at work by torestry 
expe~. Therefore, it would. be unfair to state that the subjects were 
not oooperative. 'lhe most 1mportant limitations were their literacy 
l'rl 
and their state of oral health which imposed serious problems when 
• measuring V02 with the KM respirometer. 
The food consumption survey was carried 
out using two different procedures: 24 hours recall and a combination 
of food weighing at work and recalling the food consumed elsewhere. 
Pekkarinen (1970) pointed out: "When evaluating the re11abUity 
of food consumption data, collected by variOUS methods, the starting 
point is that there is no perfect method ". HCM'ever, nCMadays it 16 
accepted that food weighing provides more accurate information than 
the recall of past intakes. Although the combined technique used in 
this study cannot be defined as a true weighed inventory method. the 
mean values for energy and rmtr1ents obtained from this technique~ 
and by 24 hours recall, were not s1gn1f1cantly different. The close 
agreement between both techniques can be explained by the importance 
that the food we1gh1ng at work had. to help the recall est1nat1ons. 
If this information had. not been available the likelihood of error 
would have been large. For example bread, which accounted far 63.7 'f. 
of the total energy intake, was home made and varied in weight according 
to famUy styles. If average values had. been used, errors 01' est1nat1on 
up to 400 g during 24 hours would have been common. Another aspect 
which helped the recall of food intake, was the simplicity of the diet. 
The 1s0lat1on 01' the area and the 1ncome of the warkers did not allow 
them to obtain sophisticated foods. They ensured that the flour for 
the month was bought at the time when they. reoe1ved their salaries. 
Vegetables, fruits and legumes were obtained fran their own gardens, 
eggs and most of the meat from their own 11vestocks. 
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A recent comment by Durn1n and Ferro Iuzzi 
(1982) has stated that in studies of this nature the experience of 
the observer should be reported. It has to be recognized that tha 
author of this thesis had no previous experience in oonducting food 
cOlll3umption surveys. However. before this research was stlu!ted. he 
participated in two short oourses on nutritional evaluation of 
population groups and oonducted a small survey un:ler the supervision 
of a qual1f:ied nutritionist. Furthermore. oontinuos advise was 
available from the Departments of Nutrition at the University of: 
Chile and at the University of Concepcion. 
The munber of days seleoted for the 
1rdiv1dual's food intake assesments were four. although as pointed 
out before. in some 1mividuals only 3 or 2 days were considered. 
Ma.rr (1971) pointed out that to establish the shortest period to 
record dietary intake. the 'within-person' and the 'between-person' 
variation has to be established. Most of the studies reported in the 
literature. well SUlllllarized by Marr (1971). 1rd1cate that the rnin1DJ!m 
munber of: days for 1m1vidual's food assesments should be 3 or 4_ 
although ideally they should cover the whole week and. in some cases. 
longer periods. For example. if the main interest is to st~ 
seasonal variations • it is evident that a weeks assesment would be 
1nsuf:f:icient. This st~ was carried out to obtain 1nfarma.tion during 
the peak season of: forestry work and therefore ~ provided 1nfarma.t1on 
of foods consumed in the spring-SUIlIlIer season. Other workers such as 
Keys (1965). referring to the we1gh1ng methods. suggested that a weeks 
survey might 1Ir:l.uoe changes in the dietary patterns. the diet being 
mare luxurious during the days of: asaesment. The opposite has also 
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been reported; people m1gb.t be embarrased to report what they actually 
eat. Although these are some problems that have to be faced during 
most d1etary surveys. it can be said that in this study' they had 
very little influence. The d1etary patterns during the studies were 
well defined am. there was agreement between foods weighed am. the 
infOl'l!l!l.tion provided by the workers during the recall' procedure. The 
economic limitations of this group would have made it impossible far 
them to bring d11'ferent foods to wark simply because it was going 
to be weighed. Furthermore. this would have been easily noticeable. 
The est1mation of energy expenditure 
during 24 hours was the most d11'ficul t 01' all the measurements 
carried out in this study. Although there was oonsiderable previous 
experience in the measurement 01' energy expenditure during selected 
activities, no work had been oarried out for the est1mation 01' 
energy expenditure over 24 hours whioh is lllUoh more d11'fioult to assess •. 
Acoording to Durn1n am. Brockway (1959) the sourc~ 01' error in 
measurements 01' total energy expenditure may be due to: 
i) error in the technique of measuring 
metabolio oost. 
11) failure to define the activity accurately. 
11i) failure of the subject to behave in a 
typical manner 
1v) errors in recording the duration of separate 
activities. 
In respect to errors in the technique far 
measuring metabolic cost. this W!!JI estimated at wark from re am. the 
, 
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remining of the 24 hours using starx1ard data from Durn1n ani Passmore 
(1967). The reason why re was adopted to estimate energy cost at work, 
has been explained before that it was basically due to the difficulties. 
in obtaining the several samples required to have a reasonable 
estimtion of the metabolic cost. On the other hand, for non occupational 
activities, not having access to the houses of the workers, the only 
possible approach was to use stamard values for selected activities. 
It has to be considered that re at work was measured. by telemetry, 
therefore requiring a permanent observer • 
• The V02 est1mated from re proved to be 
• Significantly related to V02 measured with the KM respirometer in 
five seleoted activities ani in the total group of measurements. 
The mean values obtained from both methods were very sirn1lar ani 
the regression analysis for the total 112 simultaneous measurements 
indicated that ,,"°2 could be estimated from fC with a standard error 
-1 
of ±. 0.18 1 m1n • Despite of these results, which proved that for 
• 
the activities evaluated V02 could be predicted from re, it is 
interesting to analyse if the accuracy of the prediction could have 
been improved by using some alternative approach. Although workers 
such as Brad1'ield, Htmtzicker ani Frueban (1970) ani Payne, Wbeeler 
ani Salvosa (1971) have proposed that, in some cases, energy 
expenditure can be predioted from group regression lines, most 
• 
researchers agree that the individual relationship between V~ ani 
re should be established from seleoted activities, as olose as 
possible to those carried out by the subJeots. In several studies, 
the regreSSions are derived from rest ani various active ani 
sedentary aotivities. Although it is known that re at rest can be 
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altered by several factors. no mention will be made in this 
discussion since it was not attempted to est1nate energy expenditure 
from fC at rest. Therefore. the follO\'ling aspects are' confined to 
• the prediction of V02 from fC during actual work. If the repeated 
meas~ments required to derive the relationship between fC ani 
V02 at work would have been possible. 6 to 8 measurements with the 
KM respirometer would have been necessary; in which case the 
estimation of energy expenditure could have been obtained from the 
• 
results of the measured V02• Therefore. the regression lines were 
derived from three exercises oarried out on a cycle ergometer. The 
question is: was this the best type of exercise? For leg work. it 
has been shClm by Berggren ani Christensen (1953). Shephard et al. 
(1968) ani Apud et al. (1972) that the relationship between V02 
and fC is similar for cycling. stepping and walking. However. 
forestry work has an important component of arm work. Among other 
investigators. Vokak. Bell. Bautz-Holder ani Rodahl (1975) have 
shown that for Similar fC. V02 is 10\'l9r during arm work as compared 
to leg work. They pointed out that the dif'f'erences between arm and 
• leg exercise were much smaller for the same V02 than for the same 
work load ani that they were time dependent. The arm work in the 
studies of Vokak et al. (1975) was cran1dng in a sitting ani 
s:tand1ng position. Considering this evidence. is necessary to look 
closer to the nature of forestry work. There is no doubt that there 
is an important component of arm work in most of the aotivities 
carried out in the forest. e.g. axe work ani power saw work. Halfever. 
other large muscle groups also participate in most forestry activities. 
Some of the tasks. for example piling. demands more leg work than 
arm work. Axe work is n~ identified with felling trees in an 
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almost stationary position. The axe work while debranching requires 
the worker to walk along the trees trunk whilst at the same time 
cutting off the branches. This is typical for the type of work 
evaluated in this study; the size of the branohes allowed most 
to be out-off with a s1ngl.e blow of the axe. Power saw is usually 
associated with arm work. which is true. but it is also true that 
other large back muscles are in used during the stooped position 
holding the saw against the tree trunk. Time ani motion stuHes 
carried out by Arrue (personal collllllUl1cation) in Chile. in the 
same type of forests in which this study' was per:t'o.tl!IIed. revealed 
that walking within the working area took an average 22 '" of the 
working time of the power saw operators. Therefore. forestry work 
demanis erm. back and leg work. It follows that the ideal way to 
• derive the regression relationship between V02 ani f'C would be to 
carry out the exercises on a combined ergometer such as described 
by Sanchez. Monod and Chabaud (1979). However. the results of 
research carried out by An::Irews (1967) support the method employed 
in this study. This researcher developed nearly 100 d11'f'erent 
regression equations from 11 types, of comb1lled arm and leg work. 
He fOUJXl that the regreSSion lines derived from wa1ldng and nlk1ng 
with arm work were not s1gn1ficant~ d11'f'erent. An::Irews (l~) 
oonoluded: "the regreSSion method appears suitable for field stu:l1es 
in which the energy expen:l.1ture of large number: of workers are to 
be est:1l!ated". This experimental. evidence is supported by the 
studies carried out by Rodahl. Vokak. Fugelli, Vaage and lIIBehllm 
(1974). These researchers in a study carried out on Norwegian 
• coasta1 fisherman measured V02 during actual work and oa.rr1ed out 
, . 
est1Dations of V02 f'l'om f'C after establishing the 1n:l.1v1dual's 
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regression lines from exercises on a cyo1e ergometer. They f'0Ulld 
that the estimated values were distributed at both sides of' the 
line of' identity ani that their deviation was ±. 15 'f, of' the 
measured values. Reading the descriptions of' the work given by 
Rodahl et al. (1974) there is no doubt that the demanis of' arm 
work f'or those f'ishermanwere very high ani yet the estimation 
• 
of V02 from fC was valid, even when the estiDBtes were :performed 
from regress10n lines derived from exercises on a cycle ergometer. 
Some workers such as ~strani ani Rodahl (1977) ani Vokak et al. 
(1975) have suggested that results such as those obta1ned by 
Rodahl et al. (1974) might be explained by the ef'f'ect of training 
during arm work. In fact, Clausen, Klausen. Rasmussen ani Trap 
(197.3) demonstrated that the dUf'erences 1n fC during arm ani leg 
• work, for an equivalent V02, were reduced by arm tra1n1ng. 
'!he ensrgy expenditure for the rest of the 
day was estimated from the standard values g1ven by Durn1n ani 
Passmore (1967). As pointed out by these investigators, 1t is 
necessary to oonsider the error wh10h might be 1ntroduced when 
using suoh an appl'oach. According to Durn1n ani Passmore. f'or 8 
hOln'S sleeping the error should be not more than 50 to 100 koal. In 
this study the largest source of error miglrt be due to the energy 
expenditure while resting in the forest, resting at home, eating 
ani sitting during transportation to work. The energy expenditure 
f'or all these aot1vities was estiDBted tram the values proposed 
by Durn1n ani Passmore (1967) for sitting at rest. By the em of 
• this research an attempt to measure V02 whilst resting quietly was 
made 1n the forest. Douglas bags were used for this purpose. However. 
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only 29 workers cooperated for this study. It was found that the 
mean energy expenditure was 1.37 li:cal min-l • The values given by 
Durn1n and PasslllOre (1967) for sitting quietly are 1~39 kcal min-l 
-1 for subjects between 20 and 39 years of age and 1.37 kcal min 
for subjects aged 40 to 64 years. As the b~ weight of' the 
Cb1leans was very close to the 65 kg reference nan, the d1:f':f'erences 
are negligible. However. it has to be considered that energy 
expenditure during sitting m1ght have some variations depending 
on several conditions. For example. sitting quietly during 
transportation might not be exactly the same as when sitting 
resting in the forest. Nevertheless. at these low levels of 
energy expenditure it is possible to assume that small d1:f':f'erences 
can be compensated for and that they w1ll not introduce a large 
error in the overall 24 hours estimation. 
One of the slDUl'Ces of error in the 
estimation of energy expenditure during 24 hours. according to 
Durn1n and Brockway (1959). is the timing of the various activities 
carried out throughout the day. In this study. the time for the 9 
hours in the forest was care:f'ul.ly observed. Transportation to work., 
which accounted for 1 hour. was schedUled and. when this S"ttldy was 
carried out. was reasonably oonstant. The mean value far 8 hours 
sleeping time is s1m11ar to findings in most populations. However, 
habitual activities carried out during the remaining seven hours at 
le:lsure. were most d1f'ficult to assess. The results shown in table" 
were memrvalues from two interviews. Most of the time at leisure 
was reported resting and. from the typical characteristics of life 
in the village and the type of work. this seems reasonable. Most 
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of the workers reported that they arrived home too tired to do 
any kind of extra manual work. One aspect which helped in the 
est1nation of time resting at home was television, whlch was a 
fairly new and exalting event for the villagers and was, therefore, 
the main source of enterta1nernent. With the appearance of calor 
television in Chile, monoohrome sets have fall in price and most 
of the workers could afford one or if not they went to neighbours 
or relatives houses to watch their favourite prograIlllles. In fact, 
one of the attractive services our team provided for the workers, 
was to take some of their TV sets for repair into the city of 
Concepcion. iberefore, from the interviews on habitual activity, 
to ask which programmes they had seen and what they had done in 
between was a big help. The lengths of the various programnes was 
easily est1nated and without exception the workers interviewed 
reported that from 1 to 4 hours was spent watching TV serials. 
Having discussed the methods employed 
in this study, it is necessary to remark that the central. purpose 
of this research was to obtain kncMledge of energy intake am 
energy expemittn'e of forestry workers as a group. Therefore, the 
results which w1ll be discussed should be considered as such. In 
this respect it is necessary to be quite definite since the study 
shOlfing the differences between energy intake and energy expeM1ttn'e 
of single 1ndiv1duals requires methods which are far from the aims 
of th1.s study. 
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4.2. The food consumpt10n survey. 
In table 20 were shown the .results for 
energy and IDltr1ents intakes of the 91 foresUoy workers. It can 
be seen that the d1et 1s r1ch in carbohydrates am provides 75 '" 
of the total energy intake. Correspoo:i1ng f1gures for protein am 
fat were 11 '" and lJ '" respect1vely. The data on energy intake will 
be discussed later on. together w1th the results of the energy 
expend1ture study. W1th respect of the IDltr1ents intake. the d1et 
of these foresu-y workers appears adequate according to the 
recommendat1ons of the FAO/WHO Committee (1974). except for retinol 
where the mean value was 299 mcg. as compared to 750 mcg 
recommended by the FAO/WHO Comm1ttee (1974) for adult males. 
LaIr mean values of retinol have been 
reported in several populat1ons since 1t 1s found only in food of 
animal origin. However. 1t can. also be manufactured in the b~ 
from carctenes. specially beta carotene. which 1s found in f'ru1ts 
am dark vegetables. Ret1nol is concentrated am stored in the 
liver fat am according to the FAO/WHO Comm1ttee (1974). fish 
livers are specially rich in this v1tamin. In the same report 1s 
stated that ret1nol deficIency "falls most heavily On the young 
child". The clinical mram1nat1on practised On 72 foresUoy workers. 
did not show a:rq gross symptoms attributable to ret1nol def1cIency. 
The only case of partial b11ndness was due to an acoident. It is 
evident that before a:rq conoluslon can be drawn 1'urt.her studies 
should be carried out by qual1f'1ed specialists medical staU. It 
should be cons1dered that the recoJlJD8nded intakes proposed by the 
FAO/WHO Comm1ttee "are based on the amouIIts necessary to maintain 
l~ 
or restore normal. levels ot retinol in the blood ot subJeots who 
have been on experimental diets containing no retinol or carotene. 
They are alSo tormulated On the basis ot observations of the 
incidence ot night blindness and the retinol levels ot people 
living in areas with high dietary supplies ot the vitamin ". 
The mean value tor protein intake 
reached 92.6 g per 24 hours. 20.9 g being trom an1maJ. origin. 
The FAO/WHO Collllll1ttee (1974) recomme!rled allowance tor adult 
males is 37 g. However. this tigure is given in terns of milk and 
egg protein. As most populations live on mxed diets the FAO/WHO 
Colllll1ttee reoommerxis to oorreot the sate level ot protein 
aooording to the quality ot this nutrient. The experts also 
remarked that protein trom difterent sources supplemment each 
other. A mxed diet rioh in cereals (as in the diet ot the 
Chilean forestry workers) and legumes will oomplement the needs 
tor one of the essential aminoacids which is lysine. regumes 
contains as much as 25 'f, protein which is rich in lysine. 
supplementing the lysine-detioiency of oereal proteins. 
Another aspeot whioh has been disoussed 
is whether aotivities deIMOO1ng high energy expenditure will require 
~tional protein intake. This has been the general bellet in sports 
practioe. however. at present the general oonsensus of opinion is 
that heavy physical work does nat require additional protein beyom 
that obtained from a well balanced diet. Durn1n (1978) on a review 
ot energy expenditure and protein requirements oonoluded: "the 
evidence oauses ~ptioism about ~ requiremeJIt ot protein ot DUOh 
more than 1 s/kg b~ weight/day. whioh will almost always be 
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supplied by an athletes diet ". S1m1lar remarks are made by the 
FAO/WHO Colllll1ttee. Considering this evidence, the mean value for 
daily protein intake of the Chilean forestry workers, which is 
1.4 g per kg body we1ght, can be considered adequate to meet the:lr 
protein needs. 
Iron and thiamin intakes need a special 
mention. As it can be observed in table 20 the mean values for 
these nutrients are 24.9 Il8 and 2.4 Il8 per 24 hours respectively. 
The FAO/WHO Colllll1ttee (1974) recommemation for :Iron intake is 5 
to 9 Il8 per 24 hours and for th1am1n 1.2 Il8 per 24 hours. The bread 
consumed by the forestry workers is made of white flour which in 
Chile is enriched by law (Articulo G, Titulo 1, Reglamento sanita-
rio de los alimentos). The mean values from 25 samples for iron and 
th1am1n content in enriched flour, as given by the Chilean tables 
of food compoSition, are 2.2 and 0.22 mg 'f, respectively. Then, 
the forestry workers with a high. consumption of bread, are likely 
to have diets rich in :Iron and thiamin. However, these results 
should be interpreted with due caution, since the only wa;:r to 
establish whether these are true values would be to carry out 
chemical analysis of the flour consumed by these workers. 
other ':'8sult which needs to be critically 
analysed is the 1ntake of alcohol. As shown in table 24 it 
accounted only for 1., 'f, ot the total enel'g7 intake. Although 
emphasis was given durUlg the recall procedure to the :lI(o..ke of 
alcohol, during week ~ only two workers and in 1 ocasslon each, 
reported to' have drunk a glass of wine. Therefore. the mean value 
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far alcohol intake, shCMed in table 24, is practically a reflection 
of the alcohol consumed over the week ends. Despite the fact that 
28 workers belonged to a religious organization which 'does not 
permit alcoholic consumption, the question is whether the intake 
of alcohol during week days was as 101'/' as actually reported by the 
workers. In the forestry industry because of the high rate of 
accidents, there are very strict regulations against the dr1nk1ng 
of spirits. A worker can be dismissed it he arrives at wark tmder 
the influence of alcohol. Therefore, the~e restrictions rray have 
influenced the worker's answers. However, the general impression 
when carrying out the recall interviews was that they were not 
habitual drinkers. During the interviews, they did not ShCM any 
inhibitions in talking about their drinking habits am the mJarity 
stated that they used to drink m1nly once a month am that was 
when, they received their salaries. They usually remrked that they 
enjoyed drinking but that they had to choose between bread ar wine. 
Therefore, it is likely that the 1011 intake of alcohol reported on 
• 
working days was not only due to the restrictions imposed by the 
employers but also to their limited income. other remrks often ned.e 
by the warkers was that it they drank on week days, it was ve'J!fy 
d1tticult to carry out the Job at the follCMing morning. HOIIever, 
in German forestry workers studied by Wirth (1972). 14 1> of the 
total energy intake was prov:lded by alcohol and their energy . 
expem1ture at wark carresponied fairly close to that of the 
Chilean forestry warkers. 
The min difference in the nutrient 
intake of the Chilean forestry warkers, as compared to similar 
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workers from :l.niustrial1zed countries. is the fat intake. This 
seems to be a universal f1ni1ng when comparing subjects from 
nations of high living staOOards and :l.niividuals from developing 
countries. The mean fat intake of the Chilean forestry workers 
was 49.9 g per 24 hours. representing 13 'f. of their total calorie 
intake. The GeI'll8IlS studied by Wirth (1972) consumed 226 g of fat 
per 24 hours accounting for 45 'f. of their total energy intake. The 
data reported by Karvonen et al. (1961) are very similar to the 
f:l.niings of Wirth (1972); the Finnish forestry workers had a mean 
daily intake of '2:)7 g fat. representing also 45 'f. of their total 
energy intake. In both studies. the workers had a higher body 
weight and also a higher energy intake than the Chileans. 
Karvonen et al. (1961) pointed aut: "Since fat is the most 
concentrated form of energy. at the very high energy expenditure 
levels. it would be physically difficult to eat sufficient volumes 
of food with low calorie value". Recently, Davidson, Passmore, 
Brock and Truswell (1979) made a similar rerrark; "A high fat intake 
is essential for very active people spending over 17 MJ (400Okcal). 
Lumber jacks in the sub Arctic and workers on polar expeditions 
often requires this amount of energy and would have to spend much 
of their da;r eating to obtain such a high energy intake solely from 
bullQ' carboh;ydrates sOln'Ces. Fat give them necessary energy quickly, 
s6~that they can get on with their job in the short time allotted 
to them". Although there are not well established standards for the 
optimal level of fat intake, most researchers agree that the increase 
of energy 1Irtak8 by consuming large amot.mts of fat is not a good 
practise. As POinted out by Fejfar (1978) "high calorie intake with 
a great percentage of fat is associated with hyperllp1demis, which 
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in turn is related to the frequency of ischemic heart disease". 
Karvonen et al. (1961) also remarked that the levels of serum 
Cholesterol of the Finnish forestry workers were "1n ·the range 
where the risk of atherosclerosis is thought to be increased". 
Hcmever. with respect to the minimum amount of fat intake required 
for 24 hours. the recOlllllerxlations given 1n the literature do not 
shcm a great deal of conformity. Davidson et al. (1979) stated 
that. although scientific precision is lacking "any collllll.m1ty 
which wishes to feed well an:! in a civilised tradition should 
obta1n at least 20 'f, of its energy from fat. properous cODllJl.Ulj.ties 
should limit to 25 to 30 'f, of their total energy intake". The 
FAO/WHO Comn1ttee (1974) did not nake any mention of the m1n:1mal 
fat requirements. Therefore. if the minimal fat intake proposed 
by Davidson et al.(1979). which is in agreement with the 
recommerxlations quoted by Krause (1966). Bogert. Briggs an:! 
Calloway (1973) an:! McArdl.e. Katch an:! Katch (1981). were 
accepted. it would be possible to state that the diet of the 
Chilean forestry workers does not provide suffiCient fat. Hcmever. 
as 1t is recognized that there is a lack 01' well established starxlards. 
it would appear inappropriate to present any f!ne recommerxlaUon 
until further evidence is forthcoming. In Chile. Valiente. Arteaga. 
Santa Maria. Taucher. Tagle. Ballester an:! r-lmoz (1965) carried 
out a food consumption survey an:! measurements of blood cholesterol 
in 482 males an:! females aged 15 to 64 years. They fouDi a clear 
relationship between blOod cholesterol an:! fat calories .. Valiente 
et al. (1965) reported that the contribution of fat to the average 
daily energy intake 01' 2400 kcal was 30.2 'f,. They concluded: " If 
there were a correlation between diet. blood lipids an:! atherosclerosis 
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then the diet of the Chilean population is inadequate ". Therefore. 
they recotmnended that the percentage of fat calories should be 
reduced. 
4.3. The study of energy expenditure and the relationship between 
energy expenditure and energy intake. 
4.3.1. The energy expenditure and work load. during occupational 
activities. 
As it was shown in table 30. the man energy 
expen:iiture. for the total group. during five hours work was 
1950 kcal and no significant differences were found for the 
energy expenditure between arry of the three groups of subjects. 
The similar energy expenditure for the different activities m:l.ght 
be explained by the organization of the working teams. The axe 
workers. in thinning and final cutting. worked in pairs. The 
salaries were paid according to the weekly output of the two 
subJects. The number of pile meters completed by the different 
pairs did not differ within a wide range; there was a m1n1nl1m 
output and those workers who could not reach 75 '1> of the expected 
output were gene~ dismissed. The power saw operators. who carried 
out all the felling and cross cutting for five pairs of axe workers. 
were paced by the number of trees and logs demanded by the axe 
workers. The salaries of the pO\'ler saw operators were calculated 
from the total output of the five pairs of workers. Stuiies 
carried out by Arrue (personal conmm1cation) revealed that the 
working teams were organized in such a w~ that they have to work 
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at similar speeds, power saw operators and axe workers, to 
achieve the expected. output. Theref'ore, if' a power saw operator 
works at a lower speed he w11l delay the axe workers and, if' the 
converse, the salary of' the power saw operator will be reduced. 
This nay act as a regulatlDg meohanism and might explain why the 
energy expenditure of' the three groups was so s1milar. 
The mean energy expenditure f'or nine 
hours in the forest. including aotual work, walking ani restlDg, 
was 2324 koal, ani no s1gn1f'icant diff'erences were f'ourn between 
arT:iT of' the activity groups. This is equivalent to an average 
-1 
energy' expenditure of' 4.3 kcal min , whioh is lower than the 
-1 
average 5 koal min proposed by Durn1n ani Passmore (1967) as 
the maximum rate of' work f'or an 8 hours shift. From the ergonomio 
point of' view, the energy expenditure durlDg 9 hours in the f'orest 
is an important aspect to analyse. The basio question is: would it 
be possible to increase the energy expenditure ani work output of' 
these workers ? This might be important f'or two reasons. Firstly, 
the workers are paid by piece rate ani it would. be a way to increase 
their salaries ani. secondly, it might be an incentive f'or the 
contraotors to allow fUrther studies ani improvement of the 
working coDiitions. 
As explained before, the 5 hours actual 
work, was divided in four periods of 1 hour ani 15 m1Ilutes each. 
-1 
The average energy eJtpemiture was 6.5 koal min • If' the required 
rest is calculated from the formula proposed by r-hnTell- (1965), 
assum1Dg as a limit f'or an 8 hours shift an average of' 5 koal min-l , 
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then each period of work should be followed by 22.5 minutes rest. It 
should be pointed out than an average energy expenditure of 
5 kcal m1n-l corresponds to an average 32 ~V02 max of ~ese workers. 
It the calculated rest is added to the walking time and 5 hours work, 
then the same output could be obtained from 7 hours of permanence in 
the forest. This could be scheduled allowing 20 minutes for breakfast, 
20 minutes rest after the first working period, 30 minutes for lunch 
and 20 minutes rest between the third and the fourth period of work. 
From a theoretical point of view this schedule sounds reasonable and 
will save two hours, time that the workers could use elsewhere. The 
Swedish workers studied by Lundgren (1946) remained 10 hours in the 
forest, working time being 8.5 hours and resting time 90 minutes. 
However, such a high working rate# with an average energy intake of 
5347 kcal per 24 hours, probably requireS special motivation and, as 
a model, can not be extrapolated to other populations. Therefore, the 
7 hours shift previously proposed, should be tested under experimental 
conditions, not only trom a physiological point of view, but also 
determining whether such a system is accepted by the workers. This 
7 hours shift will not result in an increased work output, but it is 
still possible to speculate that If the shift is kept in nine hours, 
one additional period of 1 hour and 15 minutes work could be added, 
leaving 45 minutes for rest and ensuring that the workers will not 
exceed, on average, an energy expenditure of 5 kcal mm-le This extra 
perIod of work might result in 20 i increase in wOrk output and hence 
20 '" increase in the worker's sal.ax7. HOIfever, this is only theoretical 
speculation because such an increase in working time will require 
careful exper1mentalwork before coming to ~ conclusions. As it 
will be discussed later on, the extension of the working time will 
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require extra energy intake and. therefore~ it is not a simple problem 
of work load. Taking into oonsideration the energy demands of the 
work and rest allowanoes. the only valid oonclusion is' that the time 
spent in the forest might be too long but further research wUl be 
required to deoide whether or not the shift oould be shortened or the 
work output increased. 
4.3.2. The energy expenditure in non oooupational aotivities. 
Energy expen:liture for time spent in bed 
is 520 kcal. These results are not different to those reported for 
most other populations. The energy expenditure for 8 hours in bed. 
aooording the the FAO/WHO Committee (1974) should be 500 kcal. whioh 
is fairly olose to the estimated value for the Chilean forestry 
workers. 
In respeot to energy expen:liture at leisure. 
the estimated value was 697 kcal. The FAO/WHO Committee (1974) 
reference man. involved in very active work. is supposed to spend 
between 700 and 1500 kcal during 8 hours non ocoupational aotivities. 
Although the leisure time of the Chileans was only 7 hours. one hour 
. 
less than the reference man. the Chileans still have a low energy 
expenditure during this period of the ~. This is only a refleotion 
of the sedentary activities oarried out during the time spent at home. 
Some further detaUs wUl be disoussed after analysing the relationship 
between daily energy intake and energy expen:i1ture. 
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4.3.3. Daily energy intake ani energy expenditure. 
As it was shown in table 36, . the estimated 
energy expenditure during 24 hours for the total group was 3519 kca1 
ani the energy intake reached an average 3541 kcal, the difference 
between energy expenditure ani energy intake being -23 kcal per 
24 hours. Considering the activity groups, the di:f'ferences were 
+ 129 kcal, - 172 kcal ani + 145 kcal per 24 hours for the axe 
workers carrying out; the final cut, the axe workers in thinning ani 
the pCMer saw operators respectively. Considering these differences 
the answer to the principle aim of this study is that, on average, 
these forestry workers have energy intakes which allCM them to meet 
their energy requirements. It is necessary to say that this oonc1usion 
refers only to the workers as a group. This is also supported. by 
the mean value for body fat, expressed as percentage of body weight, 
which for this group of 57 workers was 14.1 'I> (table 27). Considering 
the three groups separately, there is an average of 492 kcal 
difference between the mean values of energy intake of the pCMer 
saw operators ani the axe workers in th1nn1ng. The majority group 
of workers in thinning were new workers, since the Job quality 
required for the end produot was 1CMer than in final cut. The body 
weight, FM ani FFM of the pCMer saw operators was SignifIcantly 
higher as oompared to the axe workers in th1nn1ng. As was shown in 
table 9, the average age of the power saw operators was 36.6 years. 
and the axe workers in thinning 30.8 years. Body fat, expressed as 
percentage body weight was 12.7 '" for axe workers in thinning ani 18.1 'I> 
for the pCMer saw operators. The difference in energy 1IItake ani 
energy expernIture was - 172 ani + 145 koal per 24 hours for axe 
1c:n 
workers ani power saw operators respectively. This trend was also 
observed when energy intake was correlated with fat mass as 
percentage body weight (figure 16). However, the scatter of the 
data points was very large. It has to be considered that these 
differences could be attributable to the error of the methods 
employed ani they are likely to be fouro. even using more accurate 
field techniques. Edholm (1973) summarized the results of some 
surveys on energy intake ani energy expenditure, lasting from 7 
to 21 days; as the differences between energy intake aDd energy 
expenditure being between 10 ani 360 kcal per 24 hours. This 
difference between energy intake ani energy expenditure has been 
discussed by Norgan, Ferro Utzzi ani Durn1n (1974) who carried out 
estimates using well staniardized techniques, including 1160 
measurements of energy expenditure during various activities. 
One aspect which is necessary to remember 
is that the estimation of 24 hours energy expenditure was attempted 
only during week days while energy intake included one measurement 
over the week end. However, it has to be considered that these 
foresters always worked two saturdays per month ani during most of 
the time this study was conducted they were working three saturdays 
per month. On the other hand, Sundays were left by these workers 
to carry out all the activities that they could not achieve during 
the week. For example,they walked in the surroundings forests to 
collect wood for the 'cooker, which they brought back pushing a hand 
cart ani then cut it up at home, as well as working in their gardens. 
The younger subJects, who also participated in the family activities, 
played football in the afternoons. Therefore, this population kept 
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fairly active ever the week eni ani. although it can not be 
guaranteed. energy expeniiture was not drastically reduced on 
Suniay. so dId not have an Important bIas to the results prevIously 
discussed. 
Dlv1ding the day into three parts. the 
energy expenilture for the total group at work accounted on average 
for 66 '1> of the total dally energy expenilture. 20 '1> of the da:Uy 
energy was spent in non ocuupatlonal actIvItIes ani 14 '1> in bed. 
The proportIon of energy expended at work is higher than that . 
reported in other forestry workers. Durn1n (1973). founi that 
forestry workers spent 46 '1> of their dally energy intake at work ani 
40 '1> in non occupatIonal aotivlties (exoluding bed time). Durn1n's 
results are- olose to those reported"by Wirth ~1972) who showed. from 
his studies in German forestry workers. that 49 '1> of the daily 
energy expeniiture was due to work and 42 '1> was spent in non 
ocoupational activities. However. the energy expenditure at work 
of the German forestry workers. although proportIonally dit't'erent 
_to that spent by the Chilean foresters. when expressed in koal were 
remarkably similar: Wirth's subJeots spent 2400 kcal oompared to 
the Chileans ~24 koal. This raises an important question: is the 
pattern for energy expeniiture in non occupational activitIes 
determined by the heaviness of the work or is it a response to 
adjust the energy expeniiture to the energy intake ? This is a 
d1t't'ioult question to answer b1.tt it does seem that the average 
work load of 29.7 '1> v02 max during 9 hours in the forest should 
allOil' for the Chileans a pl'Oper_ reoovery period ani~ therefore~ 
signs of fatigue should not be a limitation at the eni of the shift. 
Therefore, it seems more appropriate to believe that the pattern 
of activities in non-occupational time is more related to their 
dally energy intake. The Chilean subjects spent 6gr kcal on 
average for 7 hours leisure time, while Wirthts subjects reached 
2080 kcal which is three times more than the Chileans; the Germans 
had a total dally energy intake of 4920 kcal am the Chileans 
3519 kcal. Norgan (1980) carried out a good review of the adaptations 
to energy metabolism to levels of energy intake. He pointed out: 
"New Gu1neans am m!I.IIy other populations are capable of am do 
heavy physical work as we can testify by working among them, but 
they also spend m!I.IIy hours am days in sedentary activities ". 
The results of this study are coincident with those of Norgants 
(1980). 
In connection with the ergonomic approach 
to human work, the question is still whether an increase in energy 
intake IIEIY result in increased output. As it was discussed before" 
theoreticall.y, it is possible to assume that 20 <f, more work could 
be done during 9 hours shift. This should demam a rate of 
6.5 kcal m1n-l , i.e. around 490 extra kcal. The o~ study relating 
work output to energy intake was carried out by Viteri am Torun 
(lgr5) in agricultura1 workers from Guatemala. These authors 
compared two groups of workers. 18 workers had received a supplement 
of calories am proteins for three years prior to the study. '!he other 
group were 18 workers from a poor colllllUll1ty with an average energy 
intake of 2693 kcal per 24 hours. The results showed that the grOup 
with supplemented energy intake had a ldgher energy expenditure 
during work but also during leisure time. The results of the excellent 
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study of Viteri ani Torun (1975). often quoted as an example. had 
to be analysed 1n the light of the supplemented group having an 
energy 1ntake of 3555 kcal per 24 hours. very s1m1lar to the 1ntake 
of the Chileans. Would it be the same if the food supplementation 
starts from an energy intake of 3500 kcal? This is not known ani 
there are few alternatives: to effectively 1ncrease work output. 
to 1ncrease energy experrliture 1n non-occupational activities. to 
increase energy experrliture during work ani non-occupational 
activities or. simply. the subject" keeping the same pattern of 
work ani rest ani become obese. This is an important aspect to 
consider ani reveals the need for more research. In several reports 
it is quoted that a forestry worker needs 5000 kcal per 24 hours. 
There are so man;y factors underlying the energy needs of a particular 
group of individuals and. even when there is no doubt that some 
populations urgently need more ani better food. renowned scientits 
such as Dul'n1n. Edholm. Miller ani WaterlCM (1973) ha_ asked: 
hCM much food does man require ? Therefore. the recOllllllerrlations 
of food intake for groups of workers should be 1n the light of 
more precise information and unwarranted assumptions should be 
avoided. The energy 1ntake of 5000 kcal often recollllllerrled as optimal 
for forestry workers. has been estimated from studies carried out 
• 1n Scani1navian ani some European courrt:ries. Although the V02 JDalt 
of the Chilean Workers has been fOUDd s1""]er to -that cf"Scand1navian. 
workers. the Chileans are sllilller 1n body size ani body weight. It 
is well knClfIl that 1n man;y types ot work heavier people sperrl more 
energy than:11g1tl;er people. when carrying out exactly the _ 
task. Nevertheless. analysing the pattern of work ani 1eisure ot 
the Chilean toresters. it is tml.1kely that after 9 hours 1n the 
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forest plus 1 hour transportation. they will easily change the 
activities carried out in their spare time. It has been pointed out 
r 
that television was the only source of enterta1nement aM they 
waited eagerly for the moment to view. Furthermore. if this group 
was by nO· means a sedentary group. there is no valid reason' to push 
them to carry out more work after the shift in the forest. Therefore. 
if a diet of 5000 kcal would be proposed aM assuming that energy 
expenditure at leisure and sleep will remin unohanged. then arOU%ld 
3a00 kcal would be available for work. For an average 8 hours shift 
-1 
this 1'1111 demarrl an average of 7.9 kcal m1n • wh1ch is too high 
for sustained work dtn'ing the complete sh1ft and for long periods 
of the year. Therefore. energy supplementation in heavy work has 
to be carefully balanced. Body weight. body fat and fat free IIBSS 
of the Chilean forestry workers were s1m1lar to that described in 
most well fed populations and it has to be remembered that obesity 
is also a problem wh1ch exist in developing countries. In fact, 
studies carried out by Apud (1978). Apud (1979) and Apud. Chiang 
and Guzman (1982) have shown that in Chile nany groups of 
:1niustr1al workers have a marked trem to overweight. wh1ch is 
reflected in the fat content of their bodies. 
Another delicate aspect when analysing 
food supplementation is hClit' this should be carried out. Would it 
be Just a IlII.tter of 1Doreaaing energy intake ? After all. for the 
Chilean forestry workers. it would be Just a IlII.tter to add one loaf. 
or even half a loaf. to the daily energy intake. However, thiS can 
be dangerous since a diet should be balanced and. for example. in 
the Chilean forestry workers if supplementation is attempted should 
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include some foods !'"lch in Vitamin A. As pointed out before. 
retinol was found to be belCM the recommen1Ations of the FAO/WHO 
Experts Committee. Therefore. a:rry attempt at food supplementation 
requires knCMledge and plimn1ng of the diets and this can not be 
improvised without suffioient expertise. The importanoe of the 
nutrition at work is probably one of the areas where the need 
for multidisciplinary work is better refleoted. 
4.4. The relationship of energy intake and energy expenditure to 
• some indices of body size • body composition and V02 max. 
Having stated that the methods employed 
in this study should be taken as valid for group means~ it appears 
oontradiotory to c&:l'ry out statistical analysis to show various 
individual relationships. The only intention to show the results 
inoluded in table Y7 was to determine trends whioh oertainly will 
require the use of other techniques for validation and definite 
conclusions. 
As it was shown :In table Y7 ~ energy 
expe:nd1ture was related to body weight and fat f'ree mass. Although 
the coeffioients of oorrelation were significant, there was a large 
scatter amongst the data points. It has also to be considered that, 
for most of the day. energy expenditure was oalculated and oorreoted 
for body weight. As FFM was highly ,correlated with body weight 
(r = 0.91). it was no:t surprising that FFM was also oorrelated With 
energy expenditure. The relationship of ~02 =, as expressed in 
;'1 
1 m1n was found of interest and it was shown in figure 15. 
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However, FFM was s1g:n1ticantly related to V02 max (r .. 0.51) ani 
this could have also influenced the results. However, it would be 
interesting to analyse in more detaU this relationship between 
• V02 max ani energy- expenditure, because there is some evidence of 
V02 max being related to work output, as is shown by Hansson (1965) 
in forestry workers ani Spurr, Barac-Nieto ani Maksud (1977) in 
Colombian sugar cane cutters. 
In table ")7 it was shown that the 
coefficient of correlation between energy intake ani body weight 
was r .. 0.45 ani between energy intake and body fat r .. 0.49. 
Edholm (1973) pointed out that there was no relationship between 
body weight and food consumption, while Durn1n (1973) stated that 
the correlation between these two variables was not ve1JY high. The 
highest coefficient of correlation reported by Durn1n (1973) was 
for a group of moderately active young men (r .. 0.64) ani the 
lowest for a group of 30 housewives (r .. -0.01). From the results 
of this study it is interesting to observe that energy intake showed 
a higher correlation with body fat than with body weight, but the 
d1ff'erences were small. Although several others interrelationships 
were attempted, the results were not given to avoid entering into 
the speculative statistics. These aspects are interesting and should 
be look at f'tnother, hopefully in the :1'uture it may be possible to 
st1.1dy them in the light of more accurate methods. 
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4.5. The study on firemen. 
As it can be Judged by the'results shown 
in table 38 and figure 17, this s~ was very simple but bad 
1mpwtant practical applications. The first aspect to this analysis 
is Whether the measurements carried out fw one hour during 
Simulation exercises could be compared to the same wwk carried 
out in a real fire situation. The table shows that the firemen 
worked at an average ot 47 'f, of their V02 max. The cardiac 
frequency, expressed as percentage cummulative frequencies 
(figu.-c17) revealed that 64 'f, of the measured values were between 
100 and 125 beats min-l.and 22 'fo of the re counts co=esponded 
-1 to peak loads aver 125 beats min • In the light of these results, 
it is difficult to believe that these working rates oould be 
sustained for long hours of work without interruption. However, 
these firemen, who have to fight the fire against time are 
pernanently under tra1n1ng to speed up and, as explained before, 
several accidents have O<:JI!urred because. the wOrkers colJ.apse. Even. 
assuming that it is not possible to sustain such a high rate, 
nobody will doubt that the work is still very deDlmding and. if' 
the environmental heat is added. the frequency of the acCidents 
can be easily explained. One of the most important conclusions 
of this small survey is that fire fighting has to be studied 
during real situations. Obviously such a ~ is d1:f'ficult to 
wganize, but arrangements have been made with the National 
Corpwation 01' Forestry to continue the studies 6n firemen during 
the summer season in 1984. However, the urgency of the problem' :. 
demamed some immediate advise and the results of this stud;r were 
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used as a basis for discussion on two important aspeots: 1) rest 
allowances and 2) selection of personnel. . 
Rest allowances are difficult to establish, 
especially because the work load is determined by a combination of 
heavy muscular work and environmental heat. However, the excesivlt 
pacing of the workers by a supervisor should be avoided and they 
should be allowed to adjust the working rate to suit the1r physical 
fitness. As this is always against time, there should be enough 
fresh reserve firemen available so as to allow sufficient rest for 
those workers who feel • fatigued ", without reduoing the speed 
requ1red to combat fire under such critical conditions. 
The second aspect which needs to be carefully 
reviewed is the criteria for seleotion of workers. Although this 
was not based in art:! objective methods, the firemen were seleoted 
from amongst the young and athletio forestry workers. As it was 
• 
shown in table 13a. the firemen had an average V02 max of ).13 
-1 -1 1 m1n or 51.) ml min kg • Their average age was 28 years and their 
body weight 62.2 kg. It V02 max is used as a criterion for seleotion, 
oare has to be taken. because it is necessary to establish a minimI 
~02 max as a limit. As V02 max increases with physioal training an 
arbitrary limit could impose limitations on workers who with an 
adequate training progr8lllDe oould reach. or O'Ieroome. such a limit. 
In a work as oritioal as tire fighting. this m1ght be ot seoondary 
importance. but it th1a oriterion is used for other occupational 
• activities. V02 max m1ght become as an index for searching out 
"supermen~ and this would not be fair for the rest ot the population. 
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The mean values for t02 max of these firemen are higher than those 
found in other Chilean groups by Donoso, Apud and Santolaya, 
Benavides and Apud (1978) am Apud (1978). As an illustration for 
this statement, calculations were made to compare the relationship 
• between FFM and V02 max of the forestry firemen and the tire brigade 
from an 011 refinery studied by Apud, Chiang and Guzman (1982). As 
it can be observed from t1gtnoe 19, for an equivalent weight 01' FFM 
• the torestry brigade had a Significantly higher V02 max. Another 
aspect whl.oh oan be related to titness is body tat. The torestry 
brigade had a mean value of body fat, as percentage body weight, of' 
0.4 c;,. The mean value for percentage body tat for the tiremen in 
the 011 retinery was 22.5 'P, with the oonsiderable number 01' fJT " 
01' the subjects having more than 20 " 01' body fat. Therefore, it 
appears that the criteria employed tor the selection of' the torestry 
brigade, was at least better than that employed for the selection 
of firemen in the 011 retinery. HCIi'lever, tollCli'ling a medioal 
examination, four out of a sample of 22 torestry firemen were 
oonsidered non tit or suitable tor the work. Therefore, the 
recolllllendation was that the subjects should be olinically healthy, 
• with no respiratory or oardiovascular oolXlitions, with a v0
2 
max 
-1 -1 -1 higher than }.O 1 m1n or around 50 ml m1n kg ,with a body 
fat, as percentage body weight, around 10 " but not aver 15 " and 
aged less than 40 years. It is evident that future studies w11l 
help to establish better criteria for the seleotion of these workers, 
but in the mean time, it is expeoted that the practical reoolllJlendations 
deduced from this study might help to reduoe the risks 01' acoidents 
in this physioally demanding and dangerous occupation. 
2\IT 
Figure 19 
Relationship between V02 tmX and FFM in two groups of Chilean firemen 
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4.6. The plant:lng study. 
The results showed in table 39 revealed that the 
energy expeM1 ture was lower when plant:lng in sand than in clay. 
that the hoe was the most useful tool in both types of groun:l and 
tigure 18 also illustrated the high negative correlation between 
the energy demanded by the use ot a tool and the real output 
obtained trom imependent time and motion anal¥sis. The results ot 
this study are so selt evident that there is not very much to discuss. 
Probably one important aspect when compar:lng the energy expeM1ture 
demanded by the use ot various tools. is to tim a proper expression 
to present the results in a standardized form. In the plant:lng 
study this could be achieved without IIlalW problems beoause the work 
is very simple and the number ot planted trees could be easily 
cotmted dur:lng the time that energy expeM1ture was measured. 
Unfortunately this model is not always applioable to other tasks. 
tor example axe work or pll:lng. where several variables might 
influence the energy expenditure. However. the study ot energy 
expenditure in relation to various tools employed for s1rnj1ar 
purposes is. without arr:r doubt. one of the most important 
contributions that Ergonomics has to make tor the improvement to 
the working coni1tions in develop:lng oOll!Itr1es. It should be 
relDlSDlbered that in forestry work. most at the tasks are carried out 
with simple JBllUAl tools. of low oost and wb10h have to be 
frequently replaced. It is logical therefore to s~ the best 
alternatives to reduce the work load. inorease work output or bath. 
CHAPmR V 
GENERAL CON::ill3IONS. 
Chapter 1 pointed out the main aims of this 
thesis which were to present an insight of the Ergonomics of 
forestry work in Chile and to appraise whether this study could be 
used as a methodologioal basis for the study of other heavy 
ocoupations in Chile. To aohieve the main aim.different studies 
were carried out with specific intentions. The most important 
conclusions were given in each chapter and, therefore. this chapter 
will be devoted to the SUIllI1l!II7 of all those conclusions. 
The first aim of this study was to analyse -the 
conditions of work and life of the Chilean forestry workers. 'lh1s 
study. which was presented in chapter 2. delllMded the compilation 
of statistical data and the organization of a team to carry out 
medical and dental examinations. The results revealed that one of 
the most important problems faced by forestry workers is the high 
risk of accidents. The comparison of the severity of accidents in 
different occupations showed that forestry is by far the most 
dangerous of all work in Chile. 
The clinical examination revealed that 38 '1> of 72 
forestry workers suffered from soo11osis of different degrees. 
According to the physIcians, the rest of the clinical signs did 
'not show differences compared to other sectors of the Chilean 
p~tion. The back pain syndromes in forestry work is a serious 
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problem which needs to be studied caref'ully. The results of the 
odontological survey showed that the foresters had on average, 
35 '" of their teeth extracted. No restorative treatment was 
offered to these workers and this was shown by the lOW' number of 
f:Ulings which,-on average, reached 0.4 '" of the total dentition. 
25 other oral pathologies were detected and a high percentage of 
workers had gingivitis of various degrees. The index of oral 
hygiene showed bad hygienic habits and refleoted the urgent need 
to strengthen education in those aspects related to promotion, 
protection and recovery of oral health. other factors reviewed in 
chapter 1 showed that the literacy is low, vocational training 
insufficient and that in general, the conditions of life and work 
puts the Chilean forestry workers on a low sooio-economio level. 
Chapter 3 was devoted to the analysis of b~ 
• 
size, b~ composition and V02 max. This chapter was mainly 
descriptive and provided basio data for the studies carried out 
in the field. The analysis revealed that the Chilean forestry 
workers in the present study were sindlsr to those workers studied 
by Apud (1978). In general. terms. forestry workers have hlgher 
'0'02 max, s irn1ler FFM and lower b~ fat then other Chilean workers. 
revealing a better general physical fitness level. In chapter 2 
the disoussion is oentered on the general belief that the '0'02 DIIX 
of forestry workers from developing oountries 111 lower than that 
of their colleagues trom industrialized societies. Th1lI 111 too 
general a statement and the results cf the present study oonfirmed 
the findings of Apud (1978), showing that the Chilean forestry 
workers do not have an average VO max lower than that of similar 
2 
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workers from Western European countries. Therefore, the conclusion 
is that it seems wiser to state that in some developing countries, 
especially tr6pical countries, workers seems to be cha:ioacterized by 
• low V02 max. However, this should be studied in the future un:ier 
well standardized techniques. 
Chapter 11 SUllIlIIU'izes four studies which had 
not been previously carried out in Chilean forestry workers. The 
first study was a food consumption survey. Due to problems in 
obtaining information using a weighed inventory .method, the food 
consumption survey was carried out using 24 hours recall ani a 
combined technique which deman1ed we1gh1ng all the food consumed 
in the forest ani recalling the food eaten elsewhere. Good agreement 
was foun:i between the two procedures. The results of the food 
consumption survey revealed that the nutrients intakes were within 
the recommemations of the FAO/WHO Committee, except for retinol. 
The diet was nainly based on carbohydrates which provided 75 i of 
the total energy intake. The most important source of carbohydrates 
was bread which accounted for 6If i of the 24 hours food intake. The 
consumption of protein was adequate and reached 92.6 g per 24 hours, 
20.9 being from aninal origin. The mean daily fat intake provided 
13 i of the total dally energy intake (49.9 g). 
The secorxl study presented in chapter 11 was 
the estination of energy expen:l1ture during 24 hours. This aspect 
was the IIIOSt difficult to asses ani the study was completed on only 
57 subjects; 8 power saw operators, 27 axe workers in final cutting 
ani 22 axe workers in thinning. The nain difficulty was the use of 
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• the KM respirometer. As an alternative, the measurements of V02, 
during five seleoted operations, were oarried out with simultaneous 
• re oounts obtained from telemetry. V02 was estimated froin the 
regression lines for V0
2 
and fe obtained for eaoh subject after 
three exercises on a oycle ergometer. It was found that there was 
• 
no difference between the mean values of V02 obtained from re and 
'0"0 measured by :tm.ireot calor1metry. The regression lines for the 
2 
• • 
relationship between measured V02 and estimated V02, for eaoh of the 
five selected aotivities, were oompared by analysiS of cavarianoe. 
The results showed that the overall. regression line was an adequate 
• fit for the group regression lines and that V02 oould be estimated 
from re with a standard error of:!: 0.18 1 min-l (12 %). Therefore, 
energy expenditure during aotual work was estimated from re oounts. 
For the rest of the day, standard values correoted for body weight 
were used, according to Durn1n and Passmore (1967). The time spent 
in eaoh non-ocoupational aotivity was estimated from direot interviews. 
Estimated energy expenditure during 9 hours work reaohed ~24 koal 
for the total group of subJeots and no signifioant differences were 
found between the three aotivity groups. The average work load during 
nine hours of work was 29.7 '" '0"02 max. The total time spent in the 
forest included 5 hours actual work, 3.5 hours rest and 0.5 hours 
walking. The work load during 5 hours aotual work was 44.9 '" V02 malt. 
Energy expenditure in non-ocoupational activities reached 1217 kcal, 
of which 520 kcal accounted for the time spent in bed and 6gr koal 
spent during leisure t1me. Energy expenditure at leisure, which lasted 
7 hours and included the return Journey to work, revealed a sedentary 
pattern of l.ife for this part of the day. The average dally energy 
expenditure for the total group of 57 subjects was 3541 kcal. The 
energy intake of this particular group reached 3519 kcal and, therefore, 
it was found sufficient to meet the energy requirements. The 
differences between energy intake and energy expenditure when the 
subjects were analysed separately were + 129 kcal, - 172 kcal and 
+ 145 kcal for axe workers in final cutting, axe workers in thinning 
and power saw operators respectively. The text emphasized that these 
results are only valid for group means and that studies on 1ni1.viduals 
require more precise techniques. It was also discussed whether the 
work shift could be shortened or the output increased with food 
supplementation. However, a.rry recormnendation of this nature should 
be, firstly, accepted by the workers and, secondly, studied under 
careful experimental conditions. 
Chapter 4 also included two studies wich were 
aimed at evaluating relevant aspects which may help reduce the 
work load and increase technical efficiency. The first of these 
studies was carried out in a group of firemen during fire simulation 
exercises. The energy expenditure measured with a KM respirometer 
reached on average 47 'I> V02 max. Cardiac frequency counted during 
one hour of work showed that 63 'I> of all re counts were between 100 
and 125 beats min -1 and that 22 'I> corresponded to peak loads over 
-1 
125 beats min • These results need to be confirmed under real fire 
fighting conditions for two main reasons. First, the environmental 
heat load might categorize thiS work as unduly heavy and, seconi, 
because fire fighting can continue for long periods and it is unl1kely 
that the workers would sustain such high work rates for several hours. 
In the mean time, the results of thiS study allowed recormnendations 
for the selection of firemen and general guidelines for rest 
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allowances during fire fighting. 
Finally chapter 4 has also shown the results 
of a physiological study for the evaluation of 3 planting tools 
(hoe, seed drill am axe-hoe) in two types of grourd (sard and clay). 
Planting with hoe demanded lower energy expenditure in sand am clay, 
and independent time and motion studies also revealed that the hoe 
allowed a higher work outpUt. A high negative correlation (r = - 0.91) 
was found between the energy expenditure demamed by a tool and the 
work output. The survival of the young planted trees was evaluated 
two years after the study was finished am no significant differences 
were found in the survival of trees planted with the three tools. 
In general terms, this study has SUIlmU'ized 
the current knowledge of Ergonomics in the forestry industry of 
Chile. The question of whether this study could be used as a 
model to be applied to other heavy occupations in Chile appears to 
have been answered. The study has allowed fulfilment of the aims 
as originally outlined am provides the bas:!:c information required 
about a study of heavy work. This can be summarized as follows: 
i) Definition of the general aspects of life 
ard work based on the statistical compilation 
of data, combined with medical ard dental 
examinations. 
11) The understam.ing of anthropometric characteristics, 
body compoSition and 1'02 max of the population 
studied. 
11i) Knowledge about the adequacy of the diet in 
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quantitative terms. 
iv) KnOl'/ledge of energy expemiture during work. 
during non-occupational activities and 
hence over 24 hours. 
v) Estination of the physical work load which 
provides a basis for further analysis such 
as shortening the work shift. increasing 
work output and efficiency. seleotion ot 
personnel and ergonomio evaluation of the 
less denaming tools. 
Therefore. the information collected during 
the course of this study. provides a good basiS for future research 
aimed at improving the working conditions of Chilean labourers. 
However. the model is by no means perfect. It has to be remembered 
that this work was carried out in a develop1l:lg country with local 
resources and in a population of limited literacy. The difficulties 
in mounting and carrying out such studies are enormous. yet re~earchers 
working in the field knOl'/ perfectly well and accept the problems that 
have to be faced in order to obtain accurate data. There is no doubt 
that future research will dellBDd that most of the subjective assesments 
should be replaced with more objectives measures for the study of msn 
at work requires a conscientious and scientific approach. It has to 
be remembered that adults spem approximately one t.lrlro of their lives 
at work and that ~ of their problems are related to occupation. 
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